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# Q=>^ P 

&#MP^QMmw#m.vito,fir& tt inm x ,wa x Ji—i- 

in^tWKp^QjjEjt.-ewassianK^ p m# 

md¥ q=># p) mw, as^'ewa£5iitriB(p=>Q )■&**. @itfc,-*^M 

(P=>Q)«.(# Q=>* P) 

W±a^jSS#fflTffi^3IC#^Wiilrffi. W*Tffi^iftrjS( P=>Q)p 

S'fenN #i£ WifeiE. a# ± b^S ” 

m«- 

p ms-mot# 

“tfflrt x€X,pj*U” 




“«* -r€X,P«±” 

“«)£ x€X f P^±” 




“tiffin x ex.p^^r 


J2 ► 


* # iff#*# :«►#;*■ it- 




i-i.3 m » 


a 


x m Y.sn&s&miSBffl x y ki-i-tu 

/:X-Y 

£££ / : J?^i? : 

/(x) = x 2 ,/(x) = e 1 ^P/(x) = sin x 

B YCJ?Bt,g»e:*Slt«».^j£gSfc/:X-Y,XiB:fH/WSX«,* 

^/(x)Ma 


f(X)=\f(x) iX ^X\ 

/ ittH*®,i&M /(X )«#* X ft/ TftJttalEfc. ?s* /(X) = Y, m ft f fit 
. mm fix) = x 3 m R*Jt^, its/cx) = s mn *>=^ x * 
«4£#£(o,«>),8m;r MfcS&M -1,1].«*#*,&&,»? 

Hjtt,“/:x- y”-tkBT a y w- 

«ir . ■ H f si x fttr a r ’, ^ ^ . 

x * mm-x *«/ t 5y r 

hpm/u)® YTO-sjfi jp^/#*#iiB«]i!E«iaa#.^ x 

y * a jet. && 

*,i mt% ftmmw ,“ m tr & g ». §p « s ft w, * *r 

tl£iTh SftT X * Y 4 1 .-"MS 

f:R-~R x£J?,/U) = o(« Mft) 

ii^®ftnHtt*H».|^^«^pafMW,ffiI5PPR.tl4[o.-|] t ffijR /<x) = 
sin x /:X-Y.* 

l(i,3/);(i,j;)tXX/(X)j = /(j:)| 

E§ft ,j(Q /(x) = a f /(x) = x 2 ,/{x) = x 3 ,/(x) - log x,f(x) = sin x 

££--t-gft f'.x^Y,&g_y=f(x),mmvmxi&mf- l % 
/- , :Y-X.^^a:e/- 1 (y),^iL'feS > = /(*) 

aft r^M/ wsaft . r 1 ^ 




It 


Win f-.R^R *n/(x) = x 2 + \,%Va 
f l (2)- i 't*# 

at.a-inis f(x)= 

2.% — 

/( A )= \ y : .v = /(x). x € A1 

L (B>£ 

/-'(B)=J x: . r eX,/(. J :)eE| 

M b #M / Tlfilft,^ B ffiSffiKcr'TlHijftjifflNW. 

in# b J|J& B f*j£, gp ,M b = \ y ! ,ip££ 

/ T B W J£ & pJ « ffl /■ 1 c y )3fc^^ ■ Min, in & / £ iU? 

J? 4'6&x,/U) = 3 

p 

S|S4/- 1 (3) = B.^^,» /(x)-x 2 +lJ^$B±J?rm,/- 1 (2) = i ~1, 
II. 

a*, 

/ _ 1 [/(A)] = A frfir l (B)] = B 

# ** £. fcj in, # & ® » /, 

/(x) = x 2 + l 

/ _1 c/([o f i]))=r J ([i. 2 ])=[ -i,i]^[o,i] 

/(/■ 1 C[O f 2]))-/C[-l ) lJ) = [l,2]^[O f 2] 

/;X-7,^:/(XW4I/(X)CY 

A(x)=g[/(x)] 

egft * * wi#aiw,mi# fc wa^aisc,# 

iflffc ft/■ Win / ftg 

/ :j R^R,/U) = x 2 +1 

g:R^-R ,g(x) =2x 

3P^gtMx) = (g*/)(x} = 2(.r 2 + l}.ai,^(/^)(x) = (2^) 2 + 


J4 




l ■ 


. 1.4 




is r,$s%r ?>,m 

n - t - b %tm x e s Mit jp & s &>?£±w #, b m- &—1±w. ■-0 

ife,S n|a®W±W.fi^^^'b'W— k^.m 
$n, 1 * 1 'n] (0 , 00 )M i -.# , mco, 1 )ii —i- [;# 1 (n ti, % ftM a ^ 1 ^ 
((U)#J—1" h#).^ s B'R 

i.u.b)Mtkt s 

sm uMici^jsup s^i.u.b.s. 

&<j --t^*s jum##—f^» «,$## 

ffi4s r£ ift—tTIMW s 

£ S ffi**TH(«. /. ft). S MTU # ffl inf s «Jc H . /. ft. S ^. -4 ±m ^ 
H—ff , K ii J TiJ lit &4$ ■T#-TT # M £ «C # £ T f) # - 

*££ Ji M—"Mi JH^-S.sup s 4 inf s s sr 

WftSlE T th S +. 2SflSU6, inf S & "J \)X (f. j£ T£ S + - #jin, 4“ S MJf KfeJ (0, 
\),tVA inf S = 0, sup S = 1, iSitt inf S flJ sup S S ^ . && R M 

flE-^®SCNia^J&W^W),1iUSs U p s S 

5 M«*S; , Eft max S. , t?nT inf S ttth , Jf- EUfc S T S 

MS'J'7C,3stf JflE'fc'Eft min S. B|I 

o = min S f >pa€S _@- St’ $f T J’ £ S ^ x 
jff = max S ^ /p /3£ S J3-#P ^ ^ .r<z: S T 


§1.2 ^/Llf ^I'b] 

4 f? ;^#f -fj fStSStftfJife'n , — -y Mj ff « TCfli, x =( .x j, .r 2 , ■" , 

u •*■„),fl#j fl Jijr iPHOifii0f*S5aj&5./i*^>^JSffW(>fe‘^)3L- 

n ,R n = ! (n.‘i,i‘2i"" , J:‘ n ): Jr, £ , j = 1,2, *•■ , n p ..76 i 

S.M-t- « *6i&jajr 


► i5 


4»J$ — 





x + y - (xi + ,V] ,x 2 + 3-2, ,x„ + y„) 


0) 
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&m ,x + y ,&± ® w jJtl & is #>- , ^ 

*Uat4fe#W3|$l, ffl 

«.r = (ttr, ,ax 2 , "’, xr„) (2) 

(2) l f^ ax tfe xa . MM x £: R U JeL a € R ax€r R" . tll^C jil:i&, R ‘ -4 

ffr . M^Ir] H x 31 x - y ^/j'i, /H x *■ ( _ 1 )^. 

,m$]G 

x- y=(x 1 ~y 1 ,x 2 - y 2 ,--,r 7l ~ ;y„) 

x 3? J^lRl®fR)# x + y ftlx - y. M$t n — 2 , 

mm , r " &m rj Tztmm-% . , m 

in ^ ® a jr ^ .x, 3s * fflfom«, k , $s 

£$M: [1] 

(LI) x+(;y+z) = (:r + 37 ) + z 

(12) #£—-t-iBc^O Wx*f,ffi^x + 0 = 0 + x 

(L 3 ) x,#S^'t’7C#( - x) f ®#x+(-x) = 0 

15 (L 4 )x + 3 ? = 3 '+x 

(L 5 ) a(/Jr) = (a{i)x 
(L6) lx = x 

(L 7 ) a{x + y) — ax + ay 
(L8) (a + / 3 )x = ax + j& 

£ 5 £{r—xc^'Jti?' 1 ) x 

ft—IA l^M-I'Ir]*. 

{ li ) ®j (L8> t s x*&& s (si &u it m , h jitM *r s^ 

£8H4£P?if # 

l«i.i] s.*f S W 

W/^^«ofe’ 7 +g^:^[o,il^W#^x^/(^) + gCx)>li^0r^ 

x e [0,1 ], m.W’% art x). s * . 






17 



^ x raj (»r vj, *mr "), m jtt in & m x +, & x & 

z^^cvr*, a,€ R , j = l,2,"-,k 

]-i r J 

^scmm 2 k 

jr 2 ,-,^S|!f^Ji:l6tt*3£W,iDiR){t a,€ R t j = 1,2,-,k, 

Sfl/ = o tb % 't' j, % Qj =o 

s x\xV--,xV 31 

«- «^0, j = 1 ( 2,-,jfe, ^t«^=o 

J = 1 

^ x £-^'££151, X S G^BiX 

imr s%x w-^s.-^s s 

w w ws ^a. fi ji, «r w be 513 - ^wMM-t-sfflrnj lit ii a - 
a &<j nt i $£ ^ m ^ ^mn rt ia ^ jsc—> t* * mm # w x m Tcft & 0 * 

► J7 


#1* -j£?##.^42* 






18 


18 


JP n^|fiia t (1,0,-,0) t (0 f l,-,0), 
|pjn -t |fi] fl. 0ilt R ”«, ii5E£ TS 

mmm isisj r" . r" ms &m-& ^=( ^, -, 

.T a )^U v- (3'i. V2."', y„ )*SolU^T Wa£ X t fU v V : 


19 


r» 

3, * V = .7 


y- Zjz,yi 

i I 


(3) 


a- m y Mm. :5l iim iji-t'mw'i 
ft&70# x,y,z,fcXT 4u±**fcMPl!l, T\ JiuTftM ftriMt® «: 

(11) .r- v - y~.r 

(12) St-flffif a ,/36 R , (or \ py) - z = a(x • z) + /3( y. z) 

(13) j-j>o,fn i.j-=o,3iift3 j-=o 

-JSWfe XxX±feX%fe&$LfU,y)=x-y,&& Xli -'t 

n-frM(ii)s(i2)f[i(i3)(Hiai4^H t !iH x 

(11) a ( 13 ) jt ^ (m m& x&m. m ft sms-MM ( 3 ) m R n k m w& rm 
w-'hM?. x ifli c ifi* )$ a % Pm mmm % 

^j? fl if, mji^n fi «rirr w ffl ^£,smfn m ms ® j lm« & ■“»> & ”. w 

tiHfcJtfe, MR n A- = (- 1 '!, ,r 2 , -. J, m y = ( 3/1 , y 2 , ■••, y, ), K 

ffJ/E .X. J(x,,y)^T: 


f/(jr,..v) = [( JT - y)- (jf - 3')] 1 '^ = [2( J-, - 3 1 ;) 2 ] 


211/2 


(4} 


j -1 


(i(.r, y)|rrf£ .1 ^By lifc ) E6S, ^4 «-2,ti|(4)^jJ£.if(lc/(jr, 

y)ttfim h0f&jS£. W&JLffift 


(Ml) dU,y) = Q,'JSfl&'Jl X = y 
(M2) d{x,z)^d{jc ,y) + d(y,z) 

^(MI)^{M2),(lI]TttIM^: 
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(M3) d(x,y )^0 
(M4) t/(-r,3») = ^(y t j:) 




X,*f X * ft ft fa* 


&&&:?:■&& ■ ZTi£ 
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to to£- A fj <4 )& * toffc Ji 


I^jitl,tf:^CMl)fP(M2) 

r” RMr&m&m to —t#]?. f± snj® ( m i :> *n c m2 j & % to 
“& A £ I'flJ” toAii.fS;£MA^A ^ H ,N^A tolAI: m &A ffl £‘J to Mill ft 

. TfflStl a^iEj tofiJA-^affl f4£to n-: c a at JiSiW^ to) w" A 

—ae:J3L£. 



11.2 &/LM*§E§i$£fi®^ 

[ffl 1.2] X,#*t X t{T:;&7CS r,.y Jg^f.r.jy) 




&t ^ x — y, 2, d(x,y) =0;^!P^ -r^y, 3|3 X cA-r.y)-! 


h . mm& , x ms -^M'K>: a . 

mn « it +to - 1 a *■ =t j- j, a- z , ■ ~, x„), j' m to to 


at jl a»:&^( x ,o), m. * to( }&&, reft 


j 


jp 


X 


d(x,Q) = U'x) ia =ltr:] 1 ' 2 


(5) 


= 1 


3£M,^UoO = 
HjHA'AJt: 


X 


y II . A VlvEm, AArA -r fl] y, ift A. S A A&iw AT 




(N1) || j |l >0,1. II x II =0,aiiK3^-0 

(N2) l| ,r + y II l! x II + II y II 
(N3) 5t>tf£,SSC ct(z R , || ax || = | a I -lx J 

x(MAm.spsaifn^x 

- Aft a ftft Jt ( ns ) n (N3) A ffl Sli to to -t Jiu ft M toft; 


► 19 


* J 




X 


II —maxi x, | ,1 ^i^=n || x |j =21 I 

i - 1 

sj?" t, stnm# ^ si a r ®t/LM#Jsm*iJBt as m . Jt 

, m&mm 

II x || = (x • x) 1/2 = d{x ,0) 

I x~ y II = [(x ~;y)-(x - y)] l/2 = d(x,;y) (6) 

TriWM R 2 ,mm nj VX HIJSSHft$r«rH,£ rT^ fiJE 

I x - y II 2 = II x !| 2 + || y II 2 - 2 || x || |j y || cos 8 ,05=0^£ ;r (7) 

m\'Arn^^mrn 1.3 im . 

x = (j:i ,x 2 )?0 y = (j 1 !,^2)6 OA %\OB itSl^r* A 

^(,t,,.t 2 ). II x|f =(x\ + x 2 2 ) l/2 & OAMfi.», I! .V II * OB MM 
■iSt AB filfi || x - y || ,SS x - y= (xj - ;yi,x 2 - ^ 3 ). fait x - ;y & OC ft 

m. oc 11 j - > 11 ab .^(7)^fi«rMW^^ss 

mrz.&i 

x-y = II x || || y || cost?,05s0SS;r, (8) 

i*M 6 ^m^faSx my MM. 


a 1.3 =%¥$}&&&& 

2X Jm(7)fii(8)^-S1iiR.xr * ®W«8il,®mcUiEW 

II .r-^ll 2 = IU|| 2 + ||^|| 2 -2 (x.j-) (9) 

T2)(7)j££jy#«#m + 

cas8=(x‘y) /( || x |] || ;y || ) 

§R 0 =cos _ 1 [(x* 3 >)/( || x II ||;yl|)] (S') 



20 ► 

AU r i?2$f£MPiiyA * & XU* I'M##?jf-yk 




5iSM(8),- ar « S'Wa Fm'MSL, I-M-P cas 0 

ik-i sf i,^ rffi(«')+ 


2'd 


ft M r , y C 



1 

7 


1 -r 


y 


(10) 


Cauchy - Schwartz 



a 




x ~ ay 


r || 2 ~ 2 a(x * y) + 


a 


.V 


g5C« l| y |i =0(#IU .y-0)^,(l{))®Ml/.,^f|'JO|li(©^ II y II ^O.fflJ 

«-(.r-y)/| ; .v ll 2 ,Sm^J 



x ~ ay 





(x-y) 2 ]/ 



2 


RTffiOojjbKD:.-*- 

x lu.y WMW JLH^. 

(7)niW^»fp: 

(a) x .y>0,M x ,y \m &, HM' T 90”); 

(b) .r.y = o, M Q = 2 .«-£& J- la y Jft IE£( KP^'T 90°); 

(c) X. y <0, bm X ij v zm W M Mm { §P ft 90“180*21 M). 

-M ,^m&R" , y j&Eatt, k x .y=o. t si & j? 3 ft 


(a) r-(l,0,0) f y = (0,1,0) 

(b) .r = (1,2,3), y = (5,2, - 3) 

n ftfrft,« j Kfl]ft 5 (i,o,-",o),(o,i,o,”-,o), ”,(o,o t ”,o,i) t l6 MlW't 

mb *, m m )- mte t, s p 

£-iSft a(ffi 

ip !, ^ ■*■■ ,pj, x = u,,x 2 , -, *„). v £&a, nn&<mvx '¥ 1 ® 

p-t<lY,R* p- rm< P la x fKj0;ftft ft ft ft, ft p r T, .g&tfj $%RWim 
P’.t- Y.^xm^-WMMx 0 ,^ p.x Q = 

j«m p-x= y mm x,MMx-x a ) 

p-(x~ x u ) = 0 




# / m 




► 21 




Wl DO”. yjftffi &%,5t&R "±at, -mw& 

«&. 

m , m# 6 k" . mta , & ft m (n) m (L8> £ a ws do" w n i 
e* , m\ i. i &w r-A' w- \mm ,“ & m* re , u m 

DO U ”M & tfe ft m II) M (13), (Ml > SI {M2), *fl (N1 ) 

Z®R”- 


§1.3 asthma 

1 . 3.1 1&&14 




r T 1 ■ ■ t -v* 7 t m 
j J, } j ■_!.• £ 

x l ,* 2 r--,x q 

51 ).ffiJT+W-^flSSU 0 S ^),^?|J 

t ^ i jc°w,isf^ 

( ^r ) ? ^ lim;r 7 = :r° 

*-co 

JaMxtff «# € >0,lP#&-'HE#f!t 9 .ft&Xt0f*T ,£ 


rf(i ? t /)<£ (^IM, 




&S ^C^,x (! )^ ^ £|fe)WKtfLJIftB!ft,.&. II I*-/ I! ^C^-x°) 
W «ULM#iE«. “A V I ^ IM ft PR, #H.ing x° S *, & 

s * W—HMfc# 59. ill, M 59 W M 

.r°*-££ s *.«*&,$■ s 


22 ► 






*E|n](0,l) f £ R q SlEM&)£{i£ S 

—tjm & s t. 

ft* 1 fc&# ?'J). fi £, *n m«t m#-£, & MM® w. #—t f?n <& 

Ci) ft£ iJjX* tfT:foj atR.cLC^aJC 0 

(iO x^x 0 il y^/ JtiH 3 ? + y l —* :r■ + / 

(iii) yw‘’}£ifj II y> || — II j- 0 II 

(iv) £L y q ~*x n J|tlj(y ,y )~*(x c> ,y u ) 

^t^is sctf'ttt q,<? 2 <-< 

^ 9, < -, m zftw *“■ i ftft i .y s j* ji . 

M.f??C\l,2,3y--,qy--,lM?ff?lMMTM 

i 1,3,5,-- -1, i 1,3,5,7, ■•• S, 11,5,8,9, ■** I 

mmm, s * «—i .y i ms, »£>!&&, mtt- 

K. ■ £&FMf 31, i^'J mmik'&M W, Ii3§*a*&ft-5)I UM £ 

\mm. to,i, 

o, {o,o, o,-l m\\ t i,i,- liJ-JSdlfcft^ftPBo 

m i. xm&w ,£#?n,$pIo,o,i, 1 ,o,o,-o 
^ 15 —t #5(1 «ffi MMm M&S'“ft m,& ! ”. 
imx. i.i] seRMnj^+stj-^^fij^s s 

m*s\ 

^ ►oo 0^ I ,r ? —►. t’ 0 

i£:ii.*^.5Ll.l f f ,JL ftp] S\ 

U°!fM,^M^S r° rf5*M*fl*^(***. r°iSt).HA 

4- s A— >HNii3](o,i> f £. = s #— 

x° JLU*}£ S f x° A S#l -'s 

*a.& 1 S « — **.»..&. S 

£*Nfclq = i,2,HJ^t4i£ft^*(*p ^es)«ftit.**-t#MU!iw,s * 

II 1* II <« JPf^!jMIS«ff9 RtftM&ZX&xL.##.* 

*1 * ' 23 





3« = 1,BP S = 

!7 

(0 

]?£ (ii) . 

-t 3 t • ■ •, MM* #1 1 x* i ®j & x 1 mm ^ i .t« i w, Bf u 

a , ,a , + 1 ,-,SU4®^’ 

lim sup 3: ? lirn 

^«,^^Ji-|x' ? !M^T^(^./.A.).», i 8 3 JiU 3 }frff^J.6. jp^, 

i2KM^ ^.jS 0 ^1 j?| WTflfcHI^E# 

lim inf x g ^lirar g 

maj j? ^ t x* iMir * w--r*# n. r mas yj i x* i &tt® w, 

^mma «& e >o q ,«& 

q, r£g , ^' || x fl - x r || <e 

=1 q,r -►oo ftf ,lim || x 7 - x r II =0 

| X 1 II + I! X 2 II + -■• + II 3 ? II + *■- 

(x 1 + x 2 + •■• + X? H-) 

2S M®. [g] ^'t^fT®^«-te^i. M^^Tf^x 1 + X 3 + - + 

X fl + '") l &®t ffiK II X 1 II + l| X 2 II +•■■+ II x q |l + ••' ^^[{x 1 + 

x 2 + - + x ? + -')^^^ife®,M( II X 1 II + II x 2 II +- + X* II + ■■■) 

®®. MMU 1 + x 2 + - + x* + 


24 *&&*}■* r*M "■ "& ff # 







1.3.2 


tt”-iiiri-t^J!t“®ftW«PB”W«^:. 

[mSL 1.2 ] ^/:XWT,XO?\#4 x°£ X fKl-^ttmj&. 

a*ai«u 0 Bif,/(x)iftiS[^jrt^/,is^ 

/(j)^.y°( ^ j—•m 0 ):^ lim f(x) = y° 

e >o ( #£-^ 

d(x t x°)< 8 ft i! d[f(x) ,jy' 1 ]< e 

sm d(x f3 ?m * ft*" raflt&jim&ieaf. 

lim f{x)^f{x a ) 

± ►J’ 

4^#*] U 4 !, 

/UW.^S 3r~x n ,%a.&% *W\/U 4 )-;y 0 H 

[^^1,3] ^/:X+R m ,XCI.R\#4* 0 Jl: X +W-^.®«fc/«C 

ft *° &&« £ >o, s >o,ffi^ 

d(x,x°)<3 ft tJB ^ [/(*),/(;t: 0 )]<£ 

tt.aur&s x tw®-j^flij£@i. [11] ipffi /£ x *M—tj6±:*&&,/ 

&:***«&,if 

T**: 

S # x q ~~x° ft ib £ q ~*oo 0^ /(a*)—/(*“) 

B f,jtx)&1&. /U 0 ).^ f &x° *t 

$lf(x) = a(t&)$UL,t&&& R «f»ifc£. 

► 25 


Mim 




& /(.r} = j: 2 y : K—- 

/4i'° *° &«# 



(a) (b) (c) 


Sl.4 |S]»t±&^T 

tt(££ jr 0 ),^ 1 .4(a)W® 1.4(b) + ,*/ x—x° Kx>x°, 

lim/Cr)(ffr^:&48l!|t)^flS|‘ x^x d _M. j:< j:°,lim/(x)(|^fH^E^PS)#fS#'ffi_S. 

-r $ ft*t*t «tg Rii w. *nr m w s & ( m ft Dinchiet h k a ft) n^ 
Tmn —'W? - &fi , Stl pI Ei 0fe—* MM * E^Sft w 
tfcM^SlWft: 

4-/^:R"-*R“.#a^ijffl 

/(x) + g{:c) ,f(x) ~ g{x) ,af(x)(a(z R)%\ f(x)*g(x) 

nLXf+Z,f~g,af(a€Rmf-gUH$i).^m= 1 frt.SiOTWffl 

/(^)/g(a:) 

w f\\m f’g,m\iESL%i 

II fix) II f[g(x)] 

w^»suim% sl # m m a : 

si [j&Sl.i] 

f + g>f-g,af,f-g, f /g, 

a£R,&rt f /g^g(x)^ 0. 

(ii) II /II 





f + g>f~g>af,f*g,f /g, i|/ || fa f°g & S + }±&, 

A^ai .1 ; 

mm 

0) M II I II JBr"+-4&&W&{&S»C. ftftx-y dU, 

y)&R 2n *W'M{&m. 

Cii) 4 A£--4m>< nSEft,® fix) = Ar £ XfiR^R'-M^ fU) 

M — y t i i£^[§3&. 



^/,:J?"-‘fl"ffifl,:J?’-‘J?,i' = 1,2, 


,£ W+65«MJ|S4 


f(x) = 2ff;(.r)/-(:r) 
] =1 


fiR"+&£&*! 65. 

(iv) f&m&WL. 

(v) Cobb - Douglas 

/(^)=j:i^xi* i "'j:| a - 9 ai >0, i = 1,2,'" > n 


1 . 3.3 — 

32 4 s 14^,s +65-4J/^J&. J¥?d ^ RlMiK^^iR 

s +.»*££ s *^,Wa s M-4“fflST. 

mm /es. 

a m w m 4, + m £j-4mjt^j « £st-£'+ «tt pa, & 

(q ft iEM), KM (o, l) ft a Pft o ,fQ o . 

H-#—x° 65 m &, a £ X° 6 R”, £-4 ft ft ■ «■ tm 4 R" *B 

4« 0(n^)Mmm- 

T?Q3M^0lTO^fH*lK£«#SJ : 

(i) a€AMS a £8] 

ff£ A 


# r * 




► 27 




28 


go 1 = 1 , 2 ,- ,k,s t 

ii^ys, mm. 

rti t ^ \ .r 1 , 

lies' i.s] ^ s 

m %. mmR” 1 r. b ^ tm x .w & 

(rmer,0er 

(T2)s,er S f ^i,2, *‘-,t,jf {tihs^r 

i= 1 

('Y3)Mfft : & aG A,S„.€ r,ft til US n € r 

.*6 A 


oo 

n (-1 /^, i /tf) = (o! 

*?■ i 

fiB^jscji^M(Ti)sii(T3)WT-ii«— T'mmftzttmb r w- 

'mtbSfl ,iHft(X, r).,r Itt— 

(i) r = |X,0i(ftfNE»#ff*K) 


SSfHfM • & & # * ft & If! Jr a 


<|M 



J& U) r^X 
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x .t.ik'mv&m” 

w&s t ■ti ) 3\ (T3) m •&, a &m a r ftg 4 - xm w ±m^ &, it & m% 
mts, wit®-' 

A N f ^lfenIWffl N(x°m*i,W 


N= j x-. .r£r R* ,d(x, jr°) < e I 

am ju.as j -^° N&ft^.r 0 raw e % 

¥£«*«, gm^.* x° w—t$m. sirm wi®iftiftiiff#“^«”,Hiit 

N^WJ»t$|HlB n (BP £-«)ifN BTWW#/Mgp e m/h).#aitE 

i°^I. 

£i£jir J ’*69ff-&£s,s 4>^-£U° s 

- 4 &^£ s *mra ,m s 

YM^%K™ftT*.^l£®$:/:X-Y,/(x)=;y.4-B & Y 

i,Bft/Tm^ rHB),MKiimfcX)% 

f-'(B)=\ xt x€X,f{x)€B\ 

TO*£®^£/(xm-4 

am . rmm \m amp = [131 

(i) ®#/*EX B ./'Hb) 

(ii) g*/£X 

ii:-fcitjt-flt,aft*4tMA#^(iE 1 flJ*)afc#wfl L *(jSLffi*). fi 

%Ux\x 2 ),fi 
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#1* 




d(x l ,jc 2 )SM 


«,KKrBl[0,l]*i? *^«.ffi(0^),(0.lUo,°°)M*£.*;Si 

** [^ffli. 2 ] 

GO BPJn^/:S—IT^S 

&, s m n , wa /c s >* R m *p &. 

(iii) (Weierstrass^a):4^H S ±^]—S 

/NI*tif:*fI. BP ,Sn$ /: s-j? .tfJLin# s £iT t 

3VA S s 

f(x)^f(a) t f(x)^(b). 

AffUM i0,1,0,l,-t. 

10 ,0,0."-!&i 1.1,1, 


iiiJta 1.2 rt^‘*Ciii),Weieistrass5ta,J(J‘#Jt^jit.T*«.ftfl«lf A 

§ 1,4 “&I! 


^A=[ aii ] £-■t- n x R 

m r” ± « q c x), ap 

Q(x)=x'Ax( = '^,'^ l a i x i x,) ( 11 ) 

t = lj = 1 * * 

S7 &S j: ^-^?IJ|«Jt.jr'S^W$ia,-^fTl»ia. QU f- 

(£) . $m, m a 1> 2 x 2 &m ,%va ( ii) nr vm % 

Q(x) = £l n x I 2 + <l22^2 2 + ai2^1^2 + £121^2^1 

yt k. 

r *2Sfr#M£*fci4 • 





mm a = a 21 jp^ 


Q{x) - a n x } 2 



fl v IUa f ,3 Xj Bt Xjc } £K)^$t(R.^ x^ - x^x,), Hjtfc 

Xj x, 6'J rn tJg-U* + ) Jp * « y Xv (BP Jin* a W 


Aij=(a v + a ,,) ■■'l 

b {} + bji = a n + a }i ,_H B^=\_b v ] ■ :S— &,MBf^ x,tl 

Q(^c) — x*Ax — xBx 


x ?sa4&£ q M. h 

QU) = x'Ax ffikMA 
[^Jtl.7] ^ Q(x) = x'AxJi—"t— 

(!) <3(x)&M£W,M*tl&x = O^0T^x,^Q<x)>O;Q(x}$ 

x = Qftltm4i x,W GUKO.fc# a 
C^ fi^W),1in*Q(.T)SiE^W(^J£W). 

Ci) Q(x)»^*iE$W,in*Xd-JgffW *,# Q(x)>0;Q(x)|^£¥ 
ftjEM ,in**t0r£ *.=fi Q(x)< o. im a ),in 

* Q(x)*tjF.)£W(*DlJ£W). 

X&SL . # Pt (* JIM) BE&¥iE£M -f-ft £ W. 

MH 1.3] 


(a) in* x' 


(x lt X 2 )ii A - 


1 0 

-0 1 


,tVAQ{x) 


iSk,im^ gU)>o. 



(b) in* x = Cx[, x 2 )El a — 



30f>-^ tKx) “X Ax — 2x^2• Hjtfc, 




(c) in* x = (xi,x 2 ).&. a — 


0 01 


j^a Q(x)-x / Ax = x 2 2 .^in,^ 


LO 1 J 

Mx.W Q(x)> 00 fl^ x' = ( 1 , 0 )H-t,Q(xX 0 . 


IE^(^*E^W),WSSt®W(jS*^W)i#J«i(c)tW^A Ji*iE 

M. X 4 _h*£££, TO m$ * WT :£* : 


► JJ 


& t * 




>£A^£ ( 12 a) 

*»*. A fiB + )£#■ (12b) 

j£—t n x n £#A=[aJ t fttf1 srBf*r fc*fefr^IiC: 
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A= 


«n a 12 ■” «14 

<*21 (122 ■" «Zi 


fr 4 v»i * 4 * I t i 


*■ T * «| T ^ 


*41 a k2 


*kk 


,k — l f 2 t n 



fini&D 1 ,D 2 ,-,D k W%A A.&OT&^jn^J *x 



# * • 4 w 4 


+ V 


d 2 


£6 


a *fe 


,k-\,2 ,•“ ,n 


Q-ki ®k} ^kk 



&m , (i, j ,-, a )M g iii^ 11,2, -, n t m k fin 

&b k $fihA m BteW.&jft.SM'- D n HA 

*£#^&e+frw#ai&fT£ft. 

im.4i 



*11 

*12 

(221 

*22 




a i 2 

a 21 

*22 


1^1 — ajl i <2 22 t- 0 . 1)2 


*11 a 12 


*22 

a 2 i 

*2] *22 

♦ 

*12 

an 


[fil.3] ^Aji—'HtH&»QU) = :E / A r MnXnKfft&Pf. 

5|5£: 


D 1 >0 t D 2 >0 t -,D„>0 


(ii) A 







/J i <0 t D 2 >0,D 3 <0,-,(-l)"D B >0 


(iii) AjMUE£M,MSfU*Ms 

D^O.Dj^O.Djao, - ,D a SO 

40 (iv) A 

D,^0,D 2 ^0,D 3 ^0,-,( - l)“D a >0. 

7±:&fD„ A 1.3 ti+M(i)fr(ii\iiL&-- + j£.%LA, 

ft, ^ a d* ## pmin-. 

tai.3 t«4-*(iii)**(iv) D* -ft*. #!*»£« 1.3 #& 

(c)t, 

A = ° ° ) D ! =0,D 2 = 0,^D 1 =0ii, 1 

Q{x) = x’Ajc = x 2 2 . 

§1*5 


1.5.1 fft£ 

s i , m %nr 0tzto^*^+isai[g|*M#*fc^jsL. 

[SAl.8 ] ^X£R 

r srst a, few 

,. m /U° + /,)-/U") ^ 

A-H) ft 

« | ira ^ l ‘ + A)-/(x»)-aA =0 

A -0 ft 

*u mnwM'kfm&x ntom. 

HM,(15U*^°. MS x° & x «m,/ 

4J X pTM/Jv 

J r°jax«irtA.jt^ i fia3?,0*(i5)t a KfwjiiEKnair 
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mi* -g#¥M*e 




& 


ft.tfeSEfiiii.T 0 + h 

1.5 (a) 



@1.5 

J8ffl5a.*emw.s x° mmmw. 


lim 

h -0 
ft >0 


fix'+ h) - fix*) _ + 

h 


lim 

k H) 

jL>0 


f(x 9 fh)-f(j: 0 ) - 

h 


«H?ft,K^lJ^,a + = a". [l4] [flriiE®5t±#*:BP,SP*.h|6i'W a + jB) a - 

»^,S« + =a-,aS&/ft;r 0 4fcnI|R,a/'(x“)- a + = a -.]ffll.5(b)ife 
m r a + ffl a - x° ^Biawflria. 

a + %\ a~ mt £ TOM —t Ji 

/(jr) = |j;|, ; fex = 0^h,G “~ljla + —1 

.r 0 oSUM: 

MItt. 

TOft£&®ftftft : F. [I5] 

jifc? x ' > &R l '*mm,hm i &j&m &-'^ 11 a 11 * a ftst/im& 

[ft 1.9] ^ X + £Ki-'f'?Fft, ^ & X f*9& 


34 b >. .. 

™ r &&rW‘¥&#> ‘ S # Itt 







(16) 


13 


+ ~a.h 

lim- 1, . I. - — 

h *<i || h || 

;± : ^ Ji K 5L t, -ft ft 4 ** f] ft * ft a *>) . & -in ffl 

a-h a'A,® A a'tft#£# 


1-9 ^M*nK5?»;£ 

3f: / *° £ Ji TOft) , M&tf" ^4—t- a ,m 


fix + h) ~ fix )- a-h ■+ o( II A II ) 

&M o( || h || )£—'b h ft^O.^T 

,. »( II fe il ) 

lim ii , ii — U 


(16') 


A -*-0 


I 6 


lun rilAl) = 0 

a -ft h 


SM r(ft)»ft^*.^M,r(A) = o( || h m^K*U^O-# 



#|$n,» AeR,ft 2 = 0 ( II h II ),h^o{ |1 h P),iil /k^oi II h II 


f(x° + h ) - fix 0 ) = a ■ h + r(k ) 


r(h) = o( |U || h 

tt/(x 0 )ift^S/Ts(ji¥. x = x°+ A),#JLMig^$£T r(A),K^C/|'ffl 

o( II h || )ffia. 

[%X 1 -10J jftWJGf X, 

a s ,m% 


lim 

A^O 


/( X 1 + <°, h ) - /( x°) - a t h 

h 


(17) 


a j&—o, e; i^7cM$=? 

mm=fnn = i ? “>, n ).mMa,&f&x 9 jH&=Fx i 


4f i * — 


► 35 


u 


^ J 




p 


36 


^7K. 

^ /: X-+R , x MR”* 7f ft, ^ £ X *■- ,6 - M , in m * 

4^: 

(i) :r°ex£fc 

wfifc x° ,ii>r£^4^#M^«#,K+ / '(x°) - 

a = (ai,a 2 ,"‘ ,0"5JW^J& 


f'U°) = 


r 


3/U°) 3/U°> ... 3/U°) 


3.r 


a 


^2 


* » 


<J.r 


n 




&:&&/##.&£ tiiOTI»,*.^.'SJI.T4trt ( J.***/'(x)5H-D t 

fj>,ft U°}&V/U 0 }- S f x 

#«). 


ww&rsa 

l.n] Ji x 

X-rtf^4i 0 m X „ A.ffim A£ j?"E 

x° + h€:X 

fix 0 + h) - fix 0 ) = Ah + o( || A II ) ( 18 ) 

mm a \mf /£*° m /« t m^mrt 

«,as£ [(i8)+w£# a ormsE^ji®- 

».] 


45 S&i£.(l8)t. AA ^tX.AA frt/i *tJp.#-'^j»Ji^) 

£ -Ht tf it 3C t, J4 *<NT «$ S 94 *&.&&&-&&& ffl . 0 toIfe# 

-fJ8 A'A * * ffi AA . tt/(x) = [/,(;0,”%/ m U)],^n&&i£^yU)£ 
x° ,UTt^ , £ J.'fcL ^ i, / ; U)£ x u ATflt. A # A* 




b b a a a 


■ • ■■ ■ r bbriaaaaa 







X.S.2 —^ 
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r^tx 0 ) 

—■- * 4 * 

Bx x 

* 

3/ t (x°) 1 

lift ---- 

3 £• 

■ 

« 

■ 

m 

4 

3f m U) 

_ Bx l 

4 

» 

3x rt _ 


OLftA = , 3 f ~f it x *. 

M,*^(l5),(l6)^(l6'),(18)#ifU^^'Hr0^#f[M^J4^^ 




[£31.4](ft£M£S) 

«■; Y-H?*,j£E YjgR"^W— / h?f^,M/(j:)C Y.ia/^:x 4 , Wlx 0 4fcpr 

*aU£/U°)&^«Jls^gft = feU) = g[/U)]£ 

*,& x u &pt«,k /tu 0 ) =g'[f(x°)]f(x°),&mmm g r 'mm&mm 

x n X m g'f '£->h 

[Wl.5] 

(a) 4^ n=k = \,Km >1. £}£ y h0!j^4 l , i2 /(x) = [/i (x) ,•■■ ,f„{x)~\ 

&y t -fix) Minn 


h'(x) = £ 

i=i 


2&.?L 

3y ; Bx 


^fSlJJfe , #0^ fix) = a + bx ,xf R a , b £r i? m , jSP'^Ssfrj'fi' 
h'ix) = g'(y) - b 


(b) ^ n = in = 2 J=L £ = 1,4" £ = g(x ,j/), j- = rco&8 f y = rsin#(8Pt$t 
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rsintf 


A7 


djC 

3r 

<Ls. 

Br 


= cos0. 


dx 

dd 

3^ 


— sin#, — rcosd 


h(r,d) ^ g{r oos d,r sin#} 


3h 


3h 


= (cos 8)gj ■+ (sin d) g. 


^ = (- rsin#)g T + (rcos#)^ 

j&ffl „ =^K „ =Jk 
dx ,gy 3y‘ 

4>/(.r,z) = 0,M/Ji*J?xj? 

QVffix = &tz),R f[4>(z),z] =0,m&®,ln$L fix, z) = 0M M 1f x 
f,t»* KH8#. mat , dz/dx = ®' = - f g /j x . m &i ,^7*r ^ BfU, *> - o, 




, z 


_^ 


m SftMWtf 


u. jfc^is.sinnrftsjj^a 1 .s^m 1 a m 1.5 


tM 1.5](]&$*ji£g) 4- /:, &m D & 

SE«Mft®» x“ = ®U U )_M *° * w 


/t®(z),*]=0 


= f(x,z) = 0 

x = /[®U),*] = 0*£z° 

« — ;M|S:|ft **£■•** ®(z)* /[®(z),z]=0 ,&«**£#■<!!, 

***# .aM**** f x *4t® * 

/( x, z ) = 0 > t# 

fjdx + fjtz - 0 

sia m x m\^f^x^ z mmn\t^MM\mdx= - 

& > N?j£S&tii7 dx u dx 2 ,---,dx n Mfc&^71fttmmi$ 

w. 


38 ► 






/( x, z ) =Ax + z — 0 


i£M A Ji-'t» x n mm ,a ffl 2 M n m m) [Sj-S. % J(ff *, 

mm a w . sit,* x = - a - ■ 1 *. * t® 

flAMMSf/01 1.5 « 

[n i .6] $ / % ms& mm.mm$. (tt 

^mmn^ 


f i (p l ,p 2 ,'‘-,p n ,a l ,a 1 , — ,a m ) - Q,i -U2,-~,n 

w i£M«,/(p,a)=o T &m a- MmBi Jdgti&fcflljfc 

#*» iri ft.» / e m era, n /^t/> tt «/, w ,m& 

ffitm — 'f&m*s$km$L 9tiHRp=$( a ).&d& i /d aj m*m*%tj t# 

[mm i.6](&M£a) T x% 

®[f(x)~\ = X 

&M o ttfcSLi&M-ffm yc/(x) ,M /< *°)e y. 

. [16] 

[sai.7](nttt3£aj 

&®sft.sp4 fix) j§ m tfrjf&(& 1 ma.{5Li*fflx*Mffi%x,%fXx)- 

x= mf{x) X'f’W x, 

f\{x )x 1 + f 2 {x)x 2 + *” + f„(x)x„ = rnfix) 






/p1/^,i = U,-.n (19) 


/Car) = o'f{x) 


( 20 ) 




JT i * 
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[fl i-7] 4- M / Ji-Uc 

/HfcM, sfilfe 

M jc,4i 


/i(x)xi + f 2 (x)x 2 + -■ +/„(j:}-r n -/(j:) 

5I|H|fi* 3 firt i* 1 * JR#iH w, f 1 a Ji^^Stt 

B'l, Etj or w s. c ls] 


1 . 5.3 mvtwmnm&ft 


<$ fix) Xfr R n * ffi 7F ft X ± M01 fit & {ft £ ft, 'b' 8) #«C 

/ x, 0Jtt,-]R*,^Ji: * ft—f'gft. 

fifr£s»gU>=/ 

ft/4i j.SitfcJi X S 

49 /#* j&w* 

/* 3 (x)^ft ( /Sftx4tJtJfeRTIfc./'(x)fn/'(x)5>sm 

±). a jifcjpM /e c< 13 , / . *n$ ft c m ,/^afctt 

[eHZiS/:X—R,XCR"Bd- p /'(x)= [a/{^)^x 1 ,-,7/(x)/9x a ].ft 
( & gM##), ffla (*) /a Xj =a 2 f( x ) /3 xpx-, % *« ■#, ^in 

_y 2 r cfi f /dx*' — 0 ,9 f/dy — Ixy, 3^f /3x3y = cfl f/3y3x = 2y,ePf/dy i = 2x. tSi 

[mx 1.12] ^xx° jax +-£. s% / : x— 

51 r mfc&x 0 ^szl^wtto ,sn «ei?"fn-^n x „ m&mAM 

AF\ 


/(x° + A)-/(x°) = a*/i + (1 /2)ft • (.Aft) + o( || ft II 2 ) 


( 21 ) 


« *f£M a &ft£/4je° W-Pfr#ft,« >B 


40 ► 






ft/'u°>,A €fs/"(x 0 ). m&fmtx /<x) 

£ x*w#-j6S£“tfcnrstw. 


>±:£( 21 }^t,A 7 M^ AA « 3 L,(AA)t« h * 3 Mt-** 4 i*J 

5:, ® Jfc, 4 s A — [a,j ], ft * (A/i )-^L^ 

/i * ( Ah ) = SSfl: ,h,k, 

i= 1/ = 1 J 7 

MA/i)^^& /i'A/[. 

ii:dHE-/£x° i ^j,a/(x u )/£>x ( ^/UV 

<lx l 3x j ip^.Aa ^A Tv^^#a = [a/(-r 0 )/a^ lr ---,a/(^ 0 )/axJ t «A 


3 2 ^(x°) 

a 2 /(x y ) 

... 3 V(*°) 

^.r L 2 

SxjSxa 


^/U”) 

4 V * 

... ^A* 0 ) 


* * * 

3x 2 ax„ 

* V * 4 ► ► 

* » » 

a 2 /u°) 

*4 1 

* 4 4 

i * * * * * 

... dlfl^} 

3^: n 3a:i 

+ 

3x„ 2 


« A *&/"U)£ X° &&£, S JUJtS-fiHfc 

^ 2 /(^)- /a ^3x J ,i,; = l,2,"-,n,^x 0 « ^ ,£ it 91,4f 

3 2 /(x°) _ 3 2 /(x°) ... 

ax,9x ; Sxjtxi ’ ' J ’ ’ ’ 

Young 3£S. ,-fr^f(x)&X t — 

fijpH5 4 1 WilF ft W?. T ffi W fcl? i*r lit * ApostoU 1957,120 

DUiJ: 

^^(x l ,x 2 )^ 0 ,/(x 1 ,x 2 ) = (x 1 x 2 )(x 1 2 -X 2 2 ) <x , 2 + x 2 2 ) 

S/(0,0)=O.MMff-Jf®^lii3 2 /(0,0)/ax 1 ax 2 ^3 2 /(0,0)/3x 2 Ox 1 .* 

M-'TusiRift.M a x „ .sp^sm 

/(x) = a*x,}|LfJ/Xx) = a ^/"(x) = 0 ( 22 ) 

/(x)"X*(Ax),#li}/'(x) = 2Ax =fn / "(x) —2A (23) 






1.5.4 wm%tfnihm8L 


1.13] *&£)?* ™.r*a.y,z Efjz=flr+Cl-l?)y^JiE.,O£0£l, 

m zfoftxfty [20] 

i.6^.&M§Wm££i&,frt& e=i,)Wz = i;in 

mtf = 0 ,jay z = y. 

y 


S3 1.6 

[msc 1,14] 4- S £R" S s 

j,^6S f|;B0r + (l-0)>€S t O£^l 

-4fl£. 4convex”)#?*ft ft)Jift«. flU&gSlF 

A3lftjT«M^ftj: 

CD 

(is) sn*5,,£=i,2 f -- s *,^4’«fl* f sii^ i eflwatt»®j!c* 

s=|?: Z- a\X l + a 2 x 2 + ■■* + ag* ,x l € S;, a ; € i?, t = 1 ,2, ■■* , A | 

(Lit) SP# S f ,i = l,2 f ■••,* X 

Sjx-.x^.-tbjieiKi. 

a#.iMn4gsi“]Batftj«£. 

imsciAs] ^±&}m 

mm&. f %% u fiik, msmm x , y e x fa o^^i, w 

f[Sx+ (1 - 6)y]^6f(x) + (1 -d)f(y) 
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5b x, y ex,Kx^y 0<0<irt&M£, 

m y A f m & . m -tin ,«- / & is £&( ^pt& h ), / 

as / X T«K^ X ,3-X ft 1 ,M 

6x + (1 - 8)y &&X a ,&w /[& + (! - fiJylSSJSt.-^lfrJSLWM^JS 

a ». e# , ajar a * 

StMdT. 

mm ,*nm—^ea h w (<£« a $i), a a a «ta w ($ a 

eso.ffl i.7(&m x= J K)^/KT-ac/ E ^)iy]^is:.am f /ji-aiH]®f[, 

ac + d-yJSfcnTffi^gSc/W^JCWX^. 



m 1.7 EqaaKMB^ 

a# r^j a, « 0 fi-aisc# )«ki w &9 ({h Ea wx 

«&. %-it m, *r m ^jw a (5£ a) ®ft , bp ® x# x $£— 

T«-tfiiHi»Cfl£flW).Win s H^a» 


/(.t: ) = sin.r ,iGX= [0,2ir ] 

&[0,*]±^«B».ft[>,2ff] bl-tfl®. 
£S 1.8 
[£31.8] 

(i) *tf-.x-+R £--'Hhjm.&m x 

L= \ x :x(z X ,f(x)>a I 


M 1 * 
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Miift 








2 , - ■, k , *13 as, k x m *+ «ii, m y A 

fi.x) = a L j\(,x) + a z f 2 (,x) + --■ + a k f k ( j:) , 

tt;SO,i ■ 1 ,2,"',k 

*ji x i-ki-^ihibss. 

x , €X,d i €R,d t ^0 i i = l,2,-,k,3.8 l + d 1 +- + 

d k = \,^ 

f{Q\x l v fl z x 2 +--- + ^)^Si/(j: 1 ) + ”’ + d k f{x?) 

(iv) mm 

1 (j:, a) : .r £ X , a £i? ,f(x)e^a\ 

56 ^ R B+1 #&jftft. 



■ri 


s l.s 

ffitas-ff— %fr#,f(x)4Ll%fc(&3f/ax i > o).Mf 

L* = l:ri:r£X,/(.r) = (i| 

ii.:—■^M*4L«st3LJ«lX ,£i£*Ht&T, #Jt 

^ 'P » S^-W *■ S 
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a 1.8 

X-*R,X=(0,«>),vt5l# 

/(j:) = l t ^0,JL/(0) = 0 

[mm 1.9] 4 v x±wnrasfisft. 

f MM, *, X # 6 X, 

//•(x-x^/UJ-ZU 0 ) (24) 

//(x-*")>/(*)-/U°) 


-&M 1.9 tt * #-f A itj iff# 

31 TO**&&/“«■& && . 


im 1.8j ^ = 

®|CWftAl»l* > y^(-^-i fc iBW)j fts it}.ift/(a:)JiiaW,3P^*^a 

1.9 W(24)5$,«ffi#:»tffitWii x° m X 1 , 

m 

f^'ix 0 ~ : e 1 )^/^ 0 ) - fix 1 ) 

x^x 1 ,# 

(fJ > -f x ')-U-x'>)>o 

j = itmj,^x}=x° J , x\x i , mm 



sp,M^>:r?,jay 
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mi* -#«#*:& 
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Bl.9 £11.9^ 

i# m «&ife. sum /(i) ja ia , sp 4, spm® * b a Ajiaiie w. ft w 

ifeik # 4 1 . Mio, l^fn * Mife, $n^m 

«m. 

cti.io ummm&w&&7uamrftwm9itommtt&. 

[Sai.io] 

*E, *(i)I|#|«ff. P<&: 

55 (i[) SUE/SXJl^^lHIW.jDMJltmjreX./Ka:)^^. 

(iii) Stt/4X±^flffi(,^J.tt^^ a :eX,/''C ; r)Ji-^lH®W. 

(Lv) i6X./'U)^iE3£«. 

a : i*Tia^«^-M{i)Mu)AWA^MlCiu)^Civ),HA /£(/* 

w-fcUL&'fcMi—i- 10 

t £ wtfr ^ , 

S-ft* 1.10 t** X- 

4^(u)M»v)tf i&<M^--;tjdl A. ^ 

/(■*) = - (x-l) 4 ,x 6 J? 









/"(I) = 0 


/"(^) = [a, J ],#iR(i3)^(i4)sg^?r^^ d, mD k -M y A^^m t.io w 

[Mm l.ii] 

D 1 ^0,D 2 S0,--,(-l) n D n S0 

(n) 

D 1 <0 ) D 2 >0,-,(-l) a D n >0 

(in) *ex,£ 

Di^O.D^O.-^SO 

«o (iv) 

r>i>0,D 2 >0,--,D„>0 


lfll.9] ^ y = f(x u x 2 mmmWi^^{x l ,x 2 ),^d i f/d x \<Q^\ 

i.n #sm, in % /& 

u Cobb ~ Douglas^ ^ ”, 

f{xi,x 2 ) = x".z 4 , 0 <a ,j 3 <\ 

m&,^a + P= 1 a + p<l,f 

1 . 5.5 tticqsft 


^a l. 8 , £ l. 5.4 4* Bi£M, W&Uvf. T *¥ 

[StJSC 1.16] 4- /Ml-' fMX&R* t-4-anx ®$t/ 

^^jaHW^nw^ j,^ 0 e x. 
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*rj* 
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(25) 


/(*)>/U°)#aj .fidx + o - d)z°]>jXx t] ),u<8S\ ill] 

® & / , tmrtm j-,x°exi ,x^x°, 

/(j-)>/(j: 0 )#{B f{dx + {\ - 0):r O ]>/U o ),O<0<l (26) 

« f m , w , mwm *, € x, xx* a t 

/Gr)>/U°)fttB /[&+{! -5)^]>/(^),0<^l [2 ^ (27) 

L= | ,z : _r£r X,f(x)t^a 1 

£ $ H - [23J 

(a) /(^)=x 2 ,itM X^\x:x^R t x^ 0| 

(b) /(j:) = yj4,3aM a ,j9>0,a + jff>l & 

fez i. i6, m mm m m eg mm 

mm. rj mffiw, m m MfiM m ft, m tfis m iit 

ft 


@1-10 H1±^KUHlt±ifBl^S 

^45 J6 Cobb - Douglas mL,%feX%} 

/( j-) = x,*i ■ -x R a -, 0 < cti < 1 , i = 1 , 2 , •• ■, n , Set, = 1 

t=l 

»™ . &feX 1 -16 * ,T&ft »E#J 


X,/(j)-a| ,a€J?. 

es 1.11U)]. Mi£(® 

w)® tt *r erti'S'—[ jsi 

m 1 . 11 (b)] a 







l .11(c)]. 

®m. & >*. m %gmw -~4 m m x e r\ ® # 


(UM) Maximize u (x), ’SX p • xjS Y JL xsiO 


j**. = P rn Y xf?8a;£3feii£j6U& 

jEW#lir.MJlSW3ippffi* x' = x(p, y). &&&»]#$ p • x = y Jra mm 
1.11 


m x{p,y) w#£ : F-4,&isji±£^ie 


, 0^# sasc^itw. 

# m ft p'lS^a *14 (felfejto TF.) , ttitffit ft &3fc * Kiff-^W if. -4# 


i&Jfct TO ffl-ftffif#. , 

Afc,mm urn m n m nm m *: w ^ce. 




Hl.ll = HfttQafttfl£jM*Att 


1.7] 4- /£j£££R" t?F* x ±tt-4£tegft. M'S* X 

iJ Wlmii*#J£RK/ 

)&fi)i 


Jo fi ft 

f\ fu fnl 

\ 

/z /2I fll 




ft 



n 


1** 1 *» »** 



* 4 * 
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m 1 * 




j&m, ,r f iS = pf/Jxjx, , *, j = i, 2 , ■ ■ *,«. ® b ft# ^ 

ii^scwmifcWa:.^ BM%k +1 

B*,as 

ft h •■• y* 

fil /l2 “' /l* 

/21 f22 ‘" /2* 

v * ft J A A ft ft ■ ft ft ■ 

PM ■ V * V ft » ft « ■ 

/*1 /fc2 '“ fkk 

65 [£Sl.l2l ^/Cx)SJ?"JiW-^z:?fci£SSnrft^®BSft.»4;£lT 

(i) a p $ /(*) m n +m co«, w ^ mm x>o , w 

B 1 <0,B 2 >0,B 3 £0 > *",(-l) n B„SO(^M B^O ftWfiJfc,**). 

tii) 

B l <0,B 2 >0,B 3 <0,-,{-l) n B„>0 

Wa fix )&sr . 

a :itArrow ^Enthoven( 1961)*$£*£ 5 t *ri£fl M *. 

*$. 

► *£3& 







( 2 ) 

(a) 

(b) 

( C ) 

«« (d) 

(e) 

(0 

(g) « 

(h) 

a) 

(i) m 

(k) 

(t) 

(m) 

(n) Landau 

(o) ffiortfcse^ 

(p) pastfc 

( q ) 


(s) Hessian)£fl|^ 

(t) 

O) &i£T?y£S: 

(a) Weierstrass/E l@ 

tb) 

(c> 

(d) 

(4) 

( a ) S&R 

(b) 

(c) 

(d> >pnr«wsa®». 

(e) 

u> Kiaxfl«®ft. 

(g) 

Ch> TOWjfiuagjR. 

Ci) r 2 [-.wrftstPasft^CTjiri&paiKr. 

0 ) 




Tim ■■■■•■ 


1 * 
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B 
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( 1 ) 

(a) 4 a m b mr" * wan Mm a n b tfcjiaw. 

(b) A + Bfc 

MM. 

(2) 4 fiFT-*R m . 

HT f /- 1 (T)M^.fiJM'& f iiE^SPT^@: 

(a) 4 b€R m M&tom/&&&#!,M 

(b) 4 /:B^J? W.SP£X*ttffi atJ? f 

S= | x : ar^ J?” ,/(:c)^a [ 


68 


&R”*m. 

( 3 ) 4 s s s 

S t(3&a:*59Ktt).a^ hit-* 

/(S)*Ji®W. 

*/Nt W #*) W . 



(5) 4- S^ 

tfm 


art R" : 2a:; = 1 ,^^0, i = 1,2, 


71 


(##¥»# ).ffi!HS 


&^:4*/o(;r)=^;r ( - faf;(j:)=Xi,j{-%'\M%L J &- 

S 0 =!ieR n :/ 0 U)=l! 

S,-=| jr 6 R n :/,C-i)S0t ,i = \,2 t "’ ,n 




(6) ^/^JtWWW|gx±W-'HSfig&.MM/JSM, 

JW®^ 

S= (,r: x^z X,/(x)SO} 

MM. 


: 4" i, 3/6S. fir + (l-0)^£-S ,05s (?£sl, 








/[&■ +- (i- 0)^ v ]so,os^i 

it : 1ist^Ni* A i- 'HM -f ■ 

(?) y fiX^R,&mx ww-ywm-ra f 

aeR,S^U€X-./(x)>al^l n t^. 

&r t (l -%es.^- 

At<l±,4-dT] T«a /(jt)£A.v)- 

t,v€X J-/U)^/(,y),^& /[flr + (1 - 

0)^/^).^ a = /(>), 

(8) #1-1^16, f,U) 

f,(x)=f^ + b,,i = 1 ,2, ", 

jit|! a L ■ J"— f r = 1 ,2, ■”, m . S %} 

S^i.r £ i?" : /,■( j;)=O t i — 1,2, -■*, m 1 

U)M S£— 

(b)^m=2,a 1 -(-l,-2),6 1 = l,a 2 =(-2, - l) f IL 

C 

ri ^* 

x 2 £os.m /(xi.xj^-^naSR. 

Xi,x 2 ex^f[8xi + (1 - $) 2 &f(.r L ) + (1 - 
&)f{.r 2 ) ,O^0^1. sp^ ,/(x) = , JL .i L ,x 2 .ao. 

ii /Lflr t + (1- 0}x 2 ]%? 

(10) tx€R”,x>0i.ffXj1M- /£ 1 iWftfc® 

.r,x'efl\-0. r¥=x',% f(x /2 + _r'/2)> 
/(x)/2 t /(x'>2(Afl-X?).^x' =2x .r'€ \ iSf 

(n)^/{x,,v) = xy f (x,3')etfB. «,/3>o tff + /3<i,ai r 2 

► 5J 
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ci2)4 t'wssx mm /jbihiw, 

MRtim S=\{x,a)-.f( x r^a,aeX,a£R\lER n + l *m£htf}. 




J= L 


fid 1-T 1 + d 2 X 2 H— 


+ d^r^ejix 1 ) + - + 8 m fU’“) 


i&At. 

(U)^ f(x)£'£$UER n Mmi L M1tX 1:M 1 


fix 1 + - + T ,n )^f(x 1 ) + - + f(x ,, ‘) 

&^:*W13). 


► as 


[l]tt®<Ll>»(IJ)|*ft»6»,(L*)#ftSl*#,(L7)«(L8)*ft»R 

® 1.1 fi£t § Takayama( 1985,9 5l) 

[3]Bjfc,&m S;Ji —& 

a, C R , i = 1,2, ■■■, k , 


a, + J- 1 + a 2 x 2 + "■ + atpf =0 a: t = a 2 — ■” = a k = 0 

a i x l + a 2 x 2 + ■ ” + cifjf = 0 


(0,1,0) 

0)m e 3 ^(O,O,l)Mfk^^,BM0f^f a lt a 2 ,a^R, 



= ( 0 , 1 , 


aie 1 + a 2 e 2 + a 3 e 3 ~ 0 # til a\ = a 2 = a 3 = 0 


i^#,j? 3 e 1 *n ? 2 

a s e l + a 2 e Z = 0 %. ttj a i — u 2 =Q 
54 ■ it.? * ••*> & y # a .a 





—~H Ifif, —7 IrJ3 Xi - (1,1,0), ,t 2 - (0,0,1)W x 3 - (3,3,3)^^^^^ 

fitl,WA 

a |.T! + a 2 x 2 + £* 3 X 3 = (a | + 3a 3 f a i + 3a 3 , a 2 + 3a 3 ) — 0 

a,-a 2 = ~3Ka 3 = l.^^i ? 3 fP *3 £ 

(0,0,0)], 

— JKiffe »^t 3 & 71°) 3 ( n ), X! , x 2 , •*•, x^. iik^tttfi^l-ltl, k 'f'lRlil 

tijjtcmKr^ih,* * > *, i?” * et) a 'tfts&sDm 

mm. 

JaL Wiknsky(1 y64,16 ~ 17 M) - 

x &n inj m, ymnmw, w&mm x . y = xy - y.r. 

[6] ^-tMM^^(ii)5 , Ki3)^^^K x-x fit)—t ft 

x(7^/n,ra®fn£x ii x ii a 

I x' II = (x*x) (5 ) 

II x II ^Sm^a(N 1 )SlJ(N3) J 3i#^(5 / )SXl^ II X II 

[7] ffi(9)ttA(7),®mft 

2 || x || || y || cos# = || x || 2 + || y || 2 — || x — y |j 2 = 2(x-y) 

i*X&A7(8),&S n 7-^m7 2.S^,#(9)ftA(8>,Kfn^BP^ai 

(7). 

[8] Cauchy - Schwartz 7^Fi£ ; f(tuI:l}EjA.^7'^i£ltf'tll;§= _ h^'£rffl fit) (N2) . 

1 X + y II 2 - || X II 2 + |j y II + 2(x*y) 

Si II x || 1 + II y || 2 + 2 || x || • II y II = [ II x || 2 + || y || ] 2 

(N 2 ) II X + y II A II X || + || y || 

II x + y II m II X || + I! y II 
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-i£ ##,*«* 




S^.r 1 + x 2 + ■ • • + :/ ! 




.^ + .^+7 + 


jb w?»j t s v i ,Mmm. 


maia s-w& f(.T)fo%&x^&-&&mM.mu,titt%: / : k — 

R \Mf(x) = 2x1£X,%yA 


l/(.r) -/(;r°)i - 2|j--.r u ! 

£>0 MW 8% 8 = e/2 JfSA 

I x - .t° | <8 # i±( | /( x ) - /(x u ) | < e 

Wife.i M&TU fix)= 2x Ji— 

[ 12 ] +tfj s, s AWftr » A s w# tu m . s mv ft ^ 

s ft -1 . s j3f*r i& ft « «:* s ft &n. , *u m s - (o , i >, s 

W#aj&£[0,i],'£teJ! s ftfcjfc. s ft&#£|o,i[.M vS- (o,i)U {2! , 
mx s w#fh®j^ro,i],^*Hfe^-^w*^!2ia>fffifcPR^.s ft® 

ft£[0,l]U I2| ,S lWja*fi)0,l ,2!. 

[i3]iiEWB#;gB&. WM"f#.X +£&SftlliJ 

m tu /( m (*>ft m7-£hjf 
»(^W). 

[ 15 ] S#$| 7:ft|JJ 7 Weierstrass £| 4 l, 1875 ^ F^ du Bois Reymond fti ®. 

M.S|5H4j£, All J^lja T—® Mft^-^ft#!|7. 
t££ Hobson( 1926, 401 ~ 412 H) l^iii. 

[ 16]Takayania (1972,31 — 35 J?t). 

[l7]Jn^^+m^M-#,.^ ffi®*jHBt,/(j-)«:ft:JlIEiit fifr 

■4M ft. JSL Stigler ( 1941 ). Sligler 45 * #1 % 7 #tf ifc 7 7* ii£r *6 Pi! ffi. 
(Aorge StiglerHJt^^ikjil^A^^^I^Jiffc^WiftlfAtf ft If W $ 14 7 1982 
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&&&&&<& ■ & & i f &J & £f #;± 






WffiH^HJ»irasiJ^‘‘**[iJR^"(HJi4#-^^.^/:X-- J R,jiM 

x ^r fMx * w«t-,sfi/e 

c (i) .m a x *to£ 



/ (x Cj ) 4 / C .i'°) h + 1 /2 / X x ®) hr + * ■ * 

+ (I 1 TT! /< * '’(jW-'+rU), 



^|p,,; 1 = r - J o t7 -(/ l ) = „( || / t || *).tffT-3& .7- fl*- 0 toKf^toS^rtj^U, 

&jr 

* * tfe/fi, tiiKlW'Si] X 


L20]^&,£& J K" + to* 


I 2 ... k 


X ,7 




+ QiT 2 + — + 6^ ,is<8^\ii = \a,'''k^8 l * 1 

" i = 1 


L2 i J JSff life i« / J&JKfl to JH J& - / m to; / M A to Jp £ 

[22]£ X Mj3C$|lflffijSrB5 WM-t-tt®, BP %l [HI fn (27), £ftjlfc£ to. #1 
$P,#jg /W.jGR,^ 


#P fi .t = 0, J®] /(.r) = - 1; jiP £ .rT^O, JH'j /(jc) =0 

'6LT, * (27)« Hi/liliW,H T SsSOT to£ 

to. w-to £, %-imnasiM ™ ea ^ w^jte. m h s ®c to—7 
*r ^ to. mn, ft ,%.r 

w&% A*),* 

tt \tt,KMW£ ajto.iPSft ^(x)ITlitJgX>3 

n{x) = pf{x) ~ -W‘or,\_ = p}{z) + i~ "wx)\ 

M /(.t) £B to, m& irUJifesmto. M /(x)£#(Hito ,*( x )pm 
TpjiiH m to. 

[24l(?| 1.10 

>j 7 « -e, ■ W 
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M 1 * — f 




mini a ib i =±0a + (1 - 6) 6^max.| a t b\ 

a P 6,fleR,0<fl<l,^IH5t3 a = b flj, $ a = f{.r),b^ 
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§2.1 3IS 


75 ^.aMsjg-xw^ft.ftfi-siirw^x. 

■r * BP , M -r * £ S,#RMffig -r € S , 4 

/U^/U) 

MJ 

. mfcim , ^ 
J-*es,#ies,^ 

x* ,*r 

/(j^ )>f(jc) 

& 2 m ^ ^ 
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S = [ ft 

jW(x) = - x\ ft x G S ffj&fftft ,j&# x ft/(x) = - x 2 
76 t* =0. -ffiM xG S ft/(x) xG S 

M&nT,s* m im&umm x >=3 . #u, ft mt , m 

wit-fift « s=(o,na r 

s ft&gjx* ftsij'/u* )^/(x).^«,tn^ s- [o, <*>)#■ 

\m x)=x, m ft ft x e s , ft/< i) = .rra ra sta ft m . aw ft 

MfttM 2 . i( a )inra 2 . Kbjmw s mms 

fta^wftft, igst/u) - x ji~ft 

i£&fS5*fc. S/(x)ftft3mift#l, 

l£-ftMft,i§: S = [0,l]('eaSfW),^aS/:K-R & £*/:!$ i = l, 

/( i) -1 n ^, /(x) = x, x G r . IPftft x G s &ft T/( x ft 

-ftJW[M2.l(c)J 




@ 2.1 

ast & h v--1 ra el -. ft f t ftiff slt , ssfn ft wa --ft*$£ w m @ 

«? ft ft ftI'n]& m —ft W &IflJft ft W«& A Weierstrass ftSftft (ft® 

77 1.2 ftj'&Hiii). ifeStM, 

M /i£Mft.s s ft#£-ft1iffx* .xfffrft xG s t ft 

/(x*)S/(x),|«;ft /:X-^i?,XcZR rt ) _B. sex. 

ft.®, a r £&$ r -Mxtft w m (im ft mm ). 

^-ftMft,£ xGR diiMTWU)=' i 2 Sfc:MfclWraffi,^ft-&-ftffi 

-w)» r »m ftflm,a#ft®M s Miftfu 

MitTis x ft /(x) Mft. ^ ti5, a-t i«ia ft mm% m$vc% ^ 

^Wttft^N^ftlJftxGS ift&ftft,a3$ xft-/(x)*ft.Hft,ftft- 

JRtt , Sclfl ft MftBft * ft ft S^jtNJS. 

&$:-mm . eu= x-r , > = i ,2, -, m , 

fc . - - 





^ I (x)>0,^ 2 (. r )>o f (x)SO 

= 1 , 2 , ■••,»; | 

= 1 ,2*'",n ,J&f x>Q ■ Rjlt, 

gi(x)2iO f g2{x )£(),•■• j£™=0,.ri£0 

78 Takayama 1985.H 1 ^) S KTW&jKjtf 

S=jx€X : ^,(x)>O f j = \ ,2, -' ,m ,x^Q\ 

Sfl J JpI JS( NLP), «£i£# x, ®/(x) jmt : 

(NLP) Maximize /(x) 

gj ( x ) sS0 ,_? = 1 , 2 , ••■, m ,. 0 . x£0 

WiIH-S^jfta*fc g, 

[012.1] 

(o mm# 

/>..r<y RxSoMffTfMx)®*,®?. «(x),/»w v^Mfikm) 

p m y mgifcM. r, 

rT g(x) = y — />• rSo _EL x^o. 

(ii) Rl .r6 r ,4 

rna.r (#- ->r-fH w ,/(x)=±^®$t;fm y fn g&s^.ap 

y(x)=f(x) ~ ys£0,J=L rtfiO. 

(iii) if nmm s j ^ 

tt(i = i,2 f -, m j = i,2 t - ( 7i),® nmms-imm'Mnm#)®! *m*4» 
ft M” - mid Mn ff , i = 1 ,2 , - , m ft .r>0 M &ff T , 

a ijt r, fJ p ; Jltl-S a, 

► 63 


t2l 
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SO 


X gl (.T)^r,-a r j^Q,i 

rn , J=L jSO . 



gj (x).j - \,2,-,m 

attSHtJIUSJ L^Ft](NLP)^^f^-^^1H^ttM^r53^.- -X&%lX 

WK#fU gj (x)SO 

Mffi gj U) =0 2.2 *, 


g j U) = i-x l - 

-KUt-tni \- x 1 - 2 x 2 sq . 



@ 2.2 

&m 2.3 + , ®W4HwIifiM*J2’ KKl 0^ *$»!££, *iU)£0, 

ff2 (* )>0, 3 (x)>0 *U .r>0,& ¥.ffi^jtt@f^ft 7 , f»& g, (-T)^0 m KiSte 







i 1 ,/JvT'^^W-Hfe n(j, t f = l,2, —,m).NB^ ttjgcWn| 
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S={a’ £r X :g,(.r)>0,j - 1 ,2,---» w , j-220 




# l (j’) = l — -l"! - 2 j:‘ 2=0 fa ) = X, + 2j:- 2 -3^0 

S }t j = l t 2,-,m,ft(f% 

S,= i .r € A: i , fl*— | r £ K" : .rS;01 

JiW. n r! SHM&fcJH s TO 


-t j,S } £ t n i 

m ,wmmi s «. mmm i £s, ^^w ^ku^ R , m-#l 
%L g } Mi s &-&&M. 

a, MPWMftfr-s ft, &{$.?') 

/w = 0 #mx -ivjcf-« 

mm i 

2.4(a)B£f«T f 

2.4<b)&w 

1l!>j j:* + 

M . 1 -* gi (x)^ o m x>0 *. .r ‘ M 

g,(^)>0 faJ g 2 (.r)>0 &m 2.4 ttM'HtT&l’Wjft X*&£ 

Gm. ifiMain# Jan gy (x * >>o, wmm * * M-n&sti .mmm 

m i, v >o,!»tj-iNm* .x>o & .T'k&i&m. 

B— !.r£ jR" : p - ,r^ y, .r 2201 


M 2 * 
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M-s b wrasse# x£n 

Weiers trass &M , M W HM . 



92.4 SffijS 



S= t x £z X: g } (x)^O, j = 1,2 , “■, rn ,xsiOI 

nm a mm : 

B® i:H£ s 

H£2:£*n S x*#»? BP£ i£S 


66 ^&&&&&£!>' - «•' X # ’>■ 5* V Jfr ^ ;,» 



|q]«4:*UJJMff -? 

l«|J® 2 ft«J—"Wcicrstraffi^ai^aj.-lfcStJ&yi.fDJ^^'A- 
ffAWAHM 3. x' frO-MMA IBjMtiH. &TO3S 

m pg & / m gj m a « axis- - . 

£>^mmn*j A-Mi-r j, 

R} (t) = o W x 

't ffi ,6 iMIS&M»hm. djitt,&ff] A WiSH i [n /(jr)&3*^ rjjjA IW 
®#fl tt&fsai m® wa*. a a a ra*s<j m, m 

Rtf:=T j lliftfJl',4. ii# .StfiOTJ ± A M A M A#5'J —^JS ■ & 
Bt A 5^ 8, m m ■ ( Mf-Ai£ A£ & A A & 2 £4 M « A », J*1 Smale 

i983).AT^TOtr^TO1 ; ®lS:r^Tit^±.^TJJt,^fnnj^ft-t 
W &«& T Xf^l«'J W3SSm», , %&&&*%£&. && 

#^«C^W^®«mT4ffA(WSn,JE KuHn-Tucker 1956). 34 

mu&rimmmtfmm. 

&$t , ti>m\m it . ro a«mm m &, a mm f&w- 

g 1 (x) = 0,g 2 (x)=0, — ig m (x)=0 

S * = j X f R" : gj (x) = 0 ,J “ 1,2, ■■■, m \ 

» m = n s * - 0 ), s* r^-^( tt 

£n x *) . Win ,» # 

g(x)=Ax 16 = 0 

™ = «.jgpfm a= r^-i^—t *x M mis^A 

-M. M - AM A n^ 7» > B , j£ A MMMii 7 ttlfett, IP A& 

a#A:AAAA x * A #6 in] P«A. MAliJ AM# £ft. M A, 7j MM ft £ £ 

m < n, Bp £j jfE ftj 

# 2 # ^ 



« W & ft. t J£ * & £ W. mfc 

m < n , JS&fj r ^ %t , A'*s m m f Sffijfc ftl #J wve . 

&. &m, n umm &- &#*t mm* % s akih ® 

m w<£. & ifu, j&# * & a t^m MVtftn £ g & * * 
rm$&. w«fi« 2.4 

% - -)i &, tfe nr 4 w mu&m % & n ig mw&, && ftu & 

x> , m $n, ^ ^ w . >jm s^ra 

a Miil 13 & : t± g, ( jc )S0, j = 1,2, - , ™ ; h k (,r ) - 0; 

*-i, 2 , - ,i#j^#r j# j: tit/-(j tjfi. 4 

^j@Ki^# I (Tlii#''?‘ Mangasarian( 1969,1^ 11 if). 

i6j a w m, mn n & ar «= 

(a) or.^y i , .T f -^,V,; 

(b) z > 3 ) ^f ? , jf, > y ^; 

(c) :r^.y M/FM$T'f} i, xi's^y ,, i ,.t, >y; ■ 

,x; ffl^i jYfA^Tlsx My i 'I'Ttij^ - , x = ,-y X't/jff ll 65 i, 

x t = y, ,x^y ;S^=fi ; . 2 :SS;y llx^y. 65 hiJi^ ,-rSiO 

z^Q SMXfM' i,xM 0. 

&}Mm%Lg J (x)4io,j = 1,2,-, m , sria s iu ii? j& w g(.r)£o,&s 

ff(^) = [gi<^},-" »g m <j:}]. 


§ 2.2 




XAJ?"wf iX ±. M£ 

x - k" . , a* w» / fli ft ftR" ±&ge "it w ■- 

65-t*T*ft hWJ&#65 

gj (j:)>0,j = 1,2,-,m , a 

T,« s w&nft 

S^ |.r£li": gj ( j:)^ 0,7 - 1,2, ■■ ■, m , J' S 01 

Takayama( 1985, pfc 1 $'). 

68 




t/<x>M&*,3-^£4W£££ + W-£W-£4|iart 

-'KgWJft 

K)»S^.M®m f ^fn^^Tli^^»,^MCM)^(LM)^ij^/T: 

(^ji m ) & m m * &# *u (g w ^ w) m* * &#= 

(M) & S ft-t.r ‘ ,gWM x£ s t/(x* )£/(.r) . 

CLM) £ S .r* &£$[{# N r (x* ),tiM##0r tx€ 


SnN r (:r*)#/U*)>/U}. 

&>ft,£&tt(LM)*:fc^ x*fi5Ul r **ftW.$t#N r (x*),£A3r 
N r (x* )—\.r,(zR n :d(x f x*)K r \ ,d(z,.r* ) i§/K x fP x * ^.NJ 65 f^JLM ^ 


N r (x * ) W3M£ r nJ»#/Jv 

(LM)ffi(M)65te£SHl8 2.6 0M<. ffl2.6(a) tpm&xK.r 2 ,x 3 ffl x 4 

EPfe* * , x 3 Ji^, i*M S = {x € J? : x^O }.®2.6(b) + ,ftx 1 


ffl x 2 £N 65 K |SJ + 65fIR* x #P& III —-t-'& * ■ Rl &# (M) m ( LM)£ 


iii , mjto jsct :mm 65)c m> m ( mMm ) m ® ** 

&tt(lm)3j: 


(m) & S *##-jfcx* x€S Yj/C.r* )</U); 

(1m) £ S ‘ N,(.t* ) i£ Sn N r (^* ) 


& fU'y< fU). 



BB 2.6 ®BPfa£S£*it£ 

s? m s. is, * ( m) m a m\ ( lmj =^—t ± h ® * a * -t *m sps 

«. *jm& , &$rm *- & $ * ■ ^ ittf, ® £ *5 £ s ^ a 65 a/( x) gss 

^WKS.aaa^Sdjn => M)w*flt^«6tf^ifcst^^ai. to# % ipm 
[ msi^M&rmtss s watt. 

n65 jP4g^M»-w,gpx>t« x€s,/(x*)>/(x),iiM s jia 

65#Ax^x , . [3] /65IHItt®^0t'ffi'^iA^PRfJ^®.^a2.i^ttiTii^® 

&IB&i££WeJ£. 

8S [$12.1] ®S«5stdfe^a65. 
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# 2 * 
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m m ( m) . [4] « $-t* pa m afens&a j$$ pa ft , m / ft ast® nm: $ / ft 

wftmt. 

±. [sl 


ii: , Bp)*#-ft #W J±# tb W 4t, >fSJp 4.JU& *. 

■& A i., ^ W # # tH C3 <|± # ft & 19 '£, XL &. JSLit & ■& J& X. ^ ## El 
it ££ #■ * fit A ;&ft -Ip ^ (#£* &*t * JH 4 “‘ 4 A”ft A A # * «, M 


A)* 


$(x, A)=/(x) + SA J g J -(x)[=/(x) + A *£{x)] (1) 

tB* 4>(x,A)^Stt« 0 B3U, BST.« / fn ft 

ft^(LM)jS(M)ft^ffi,tt^j%-Bfr*#(FOC),?f-a'e^#3CtJim®0iS 

»ft-Bfr# W g . 

*£> (Fa:) #4-^(i*,A*)^o,A*€R" , ,'ffllfte 

a&' /dx t -<& t (W* ft Xf)xt = 0,i = 1,2,---,n (2a) 

gj(j-*)SO,A/g^(a:* ) = 0,j — 1 j2,”'t r« (2b) 


jn 


3*P* /d.r t = 3 f(x* ) /3x ; + ^jA/ dg } ( .37 



IE^T®0fjAL,(FOC)®-^«T^^(LM)^(M)ft^^^^ft. 

(2amitM^^T?[I'tf Jg: 

3<P( jr * , A * )/3-r,- = 0, i = 1,2, • •• f « 

i i&itPJr 

^Wrft.M^^m2 a ) ) ^g J (^)=0,;-l,2 5 - I m ) ^(x)=/( J ). 

* £fcS.ffl 2.7(a) 8] 2.7(c)##jMT(^ >0,/ '( j* ) = 0), 

(x* ^(/'(i'XOJSU’ = O,/Tr*) = O)ftfif0. ®2.7(a)*Mt^f& 









12,7 (FUClftffljff 





(c) 


mmmtiB. 

\mu w i = i. 2 , -, n, *; > o. cfoo «r 

i.jrr >o(^fi^P)M&T,(Kr:> 

-M(2)^#W: 

(Fa:') AU* . A * )s£0, A * € R" , or * >0,f£*3 

SfcU* t X' t )/dx i = Q,i=l 1 2 t -'.n (3a) 


g,(x* )A^Q,Ajg J (x* ) =0, A/is3),j = 1 ,■",m (3b) 

[0(2.2] #^T?'JrnjS ; ^#(x lf ^ 2 )6 J K 2 ) ®^^ p 1 x l + p 2 x 2 ^Y, 

.r,>(),x 2 S0 /(^,,.T 2 )-xVrr%0<a<l,^M ft, ft « 

0 AA 

4 

^(t, A )^X a 1 .r2 _a + A( Y - ft-T, - p 2 X 2 ) 



3tp/3.z | — acr“ x 2 a ~ Aft, 3<p/dx 2 — (1 - a )x\x 2 " ~ Xp 2 

* ),(2)^(RX)pn-jt^# 

axT i .r l 2 ~ a ~ Aft^0,(1 - (4a) 

(az°i ' x 2 “ ~~ Aft )j,‘i = 0, ((1 - a ) x“ x 2 “ — Aft].T 2 = 0 (4b) 

Y ~ Pir { - p 2 x 2 >O f X{ y - p l x l - ft.r 2 ) = 0 (4c) 

ii»H x, >0,x 2 >0(M 

TU'ttft 7),(4a)W(4b)Plm#M^ 

“ 1 A ' ‘ = Aft , (1 - a )x! x 2 ° = A p 2 (4a r ) 

► 7/ 


w 2 m 





P\ x \ + p2*2 = Y 


(4b') 

mm 

( M) ^(KXJj^rft^fnJ ffl. jESU HU MMS'J W , iSfft*(FOC)Xtft *!£#&* 
JUUHt&M . it- 6 ft#i 2.3 ft Bj ,'£» Slater £«. 

[#!2.3] -%itTHir«)^:^#jr,ti:^(.x)= -x 2 so,x^o,i-ei? 

#t , &/( .r)=x m* . m m , $-j& o, s = i o i. m jtt x * = o 

A#(x) — .T ~ Ax 1 ,^'f x* = 0,$cfl Jft 


, A " )/?x = l -2Ax* - 1>0 


Nilftft x* = o4b(Kx:)t*ft 

M^)^)Ji,CFOC)Rl^M-(LM)Dti^^-^f4-mn^®aM2.4 ftfiTF 
iSj^ftM&tMit-k. 

[^i 2.4] & SHx6i?:x>0l ,%f&f(x) = (x - 1 ) 3 . Mife ,ftJlfclf 

SftyU)tfy£tm§8 n «(/-<£) ,ftii , W x* = i, 

/'(x*)=3(x* - t) z -o 

92 it#,ft x* =l*fc(F'OC)^M,^mx’ =1 K>SS^(LM)tfe.^®^{M).j^ 
X* =Hfe»g3^.M#,-^fi/(x)=(x-l) 2 ) S^txeR:x£0j./(x)4L 

= 1 , 

fix')— 2 {.t * — 1) — 0 

it#, ft x* -1 mrcx:)M,ifu x* =iK5E^iift(LM)m^ig-ft(M).^ 

ta a, & x* - 1 ft x € s *) MSft ffi. 

BSl(FOC)5t4 ; F(LM)BE>SJij£&SKHfc^il:3£^Kt±S, 

ft ff-ft 4k #t , ® frj tmm m ( foo xt=f ( lm> m <&m w, ft ft & #r m mm 

j£ (FOC) At ft (. MM 2.2 W ft ft (FOG) # 

[^8 2.2] ^f,Ki,j = 1,2,-,™ IP^^fti?' I ±W[ I fl®^(.SPft: [61 

(i) (RDidiM(M); 

(ii) 

ftft .T^Ojfe# gj(x) >0,j = 1,2,---, m (5) 

i±:iMK5)#A Slater*#. 2.2 f 4.:*»*./,ft. 
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3 = 1,2 Slater M , (FOC) (M) & tL fr&4hVl . 

jilt ,■*■ f / *> g W tf) t -£Sfr] 2.3 it -S. T Slater &-#. itff , #j 2.3 M T 

5tJ®2.2 ^^(ii)^t^) Slater &#«■!£. 

93 2.2. t,/(.ri,.r 2 )^EJ^, tf(.r, t .r 2 ) = Y- 

PiX { ~ p 2 x 2 ^m^{n^^^). *-*• Y>0,Slater ^ M ^, El 

* Y>0#Afl54f.^^Kr 1> r 2 )^0 : y> 1 r 1 + /.,,/ 2 ^Yl^rt.#-. H*t,,&*K4) 

® J* -k , ft iL, £t« C FOC) X IMfe 

Ef Jfc(4)*t t-^<t *L& ^ . i?] & (4') n it Hr ^ it $-7) *** * 

^>0,jc 2 >0,J. A>0): 

= trY /pi,?2 = O ~~ «) Y//>2 

A = </(1 -a) 1_ >, > (1 tt) (4") 

2.2 /^g, mmmm Slater &tt«ttHjE(FOC)£ 

(M)M®lttt.¥^±fi^«flHI'!4,#ftiiiECHx:)^(LM),^M^(M)fifi 

#) t ffi#nT{SiinCFOC)£(LM)fl<I^^#. WT^M(Arrow,Hurwicz^n 

Uzawa, 1960,^10$^ Arrow-Hurwicz- Uzawa 

M. (£ 52. Takayama 1985,102-107 3T, RjtfeSiJfci—WMitEflJI. ) 

[^1Z.3] £q fllT * fH°J—, ( foc ) £ ( lm) £ & 

ft 1 : 

** CO i^^g,(.r)0 = l ) 2 f -" t ra ) ^SilitS^; 

(ii) 

(iii) M g J (x),j = 1,2,- Slater fcttCSjjfck; 

(iv) S [ft# f , Mm M 

m je £# r* ^ jgrf^r^r« ^ ihi mM ; 

(&&#). 

>i: 4k. If! T >7. # ii # ^rOf 39 Arrow - Hurwicz - IJzawa (“£ ^ A-H-U}^ 1 ^. 

Slater tt « 4 #. iOM'liM 

b 73 

$ 2 * w ^ 



gj(x)^0,j = 1 1 2,*" ,11 




ft U*)=0,j-=3,7,8, J.^(t*)> 0J^3,7,S 
MJffc.E= 13,7,81 . JW] 


I 



~d g2t * /?- Xi 

3 Si * /3 * 1 
3 Sis * /3 - r l 


3 Si * /d *n 

3 Si " /3 x* 

3 Sv, * /3 X„ 


95 

«cB m A 

u m&". j = i , 2 , ■■*, m ,Mr,u' >=o,& 

ftmmMttm g'U'm&%? m ,bp e 'u* &#,£a 

m <* fin* m>U .SP^StStfeSta^Ki^W-. [9] 

|5),^Eft Arrow IP Enthoven 

(1961 >,T 7 M ft . 

[$12.4] ^/^s } ,3=\,2,-,m 

fl®JE,0 (FOC)^^Jfe#(M) JiM : 

(i) t£tt x I ,<1f(,T* )/<lr 1 «); 

(ii) , 3 f{x * )/<1 j: i >0,}£iM Sj 
S={x€ i?":a;2:0,g / (,r )±£G,j = 1,2,-- , m \ 

(iii) / 'U* )^o,#a£ 

(iv) S«/U)JiI!30SSfe. 


yf> ii:A* gj R": 

= 1,2,'” , fn *-#(iv)sS.I9 T 2.2 «4Mi(ii), 

*feJptiE.|I«”jE*(Arrow =fc Enthoven, 1961,783 ]£ ).^ £ RSK&fl f ,* 

# iJS f 78f A - .£*•£ ± f- 1, /U) A 4 /* A &, £#( ii) 4L 

B /J|E. jr * .£. J& #1 i&. # 1 .4Mn 2,4 % Arrow - 

* • A + 

h 

74 • igsr# V « ^ 





Enthoven /£3L. ii^^3.^ Ffr B t 1 . 


LdSW-S#ift,^SJi3PS^^3S 

2.3ffl^a2.4W^W. 

1^12.51 + 4^1.^0 t a: 2 >0 



m 2.8 ©j 2.5 MSS 

&£|5]J8SM&#f8i H g»* 

^(j: t A )^(2L! + X 2 ) + A(1 - JCi - J- 2 )-^ r^J J ffci®'ff] ; S'^( * 
S,^/il±J$l'^M<FOC)^:#fc xj>0,x 2 <0,A>0®# 

f)®/3j: 1 — 1 — 2Ax 1 ;5sO f d<&/<?:rj = 1 — 2Ax 2 2sO (6a) 

(1-2Ai 1 )j: 1 -0,(1-2i3- 2 ).r 2 = 0 (6b) 

1-x?~x^0,A(1-x 2 z -^) = O (6 c) 

0JSM,/(x)M^M,®ltfc^C5M. ff (jr) = l - x? - *! J^ttB 

SifffMBM, KmMffl 

97 Arrow - Enthoven feM (£ S 2.4). flj &t£ SM (iv>, 8ff1 TOi M » 

Strife: (POC) ft ± ( M) ft % #, ai: Slater ftft £ 0 HU M 13 ® 1 V 

M, ^in^r th^ife: rtt Arrow - Hun^cz - Uzawa 2.3) t (FOC) 

ft*® w *5 &#, m % (m) m m au lm> , & mwn \m = 
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#2* #&&&& 




(FOC)=>(M)=>(LM)=>(POC) 


mt (FOC)W(M) 

&, x 2 = 0 @ ,T| > , X 2 >0. JWJ (6a) 

w(6b)um4fc£ 

1 = 2A.r | = 2Xxi (6 a) 

l-xl-jcl^O (6 b) 

9S £li(6'a)^(6'b) t 3)cfnW^^iJ 

.r [ - x 2 = 1 /v 2 ( |h) A = 1 M 2) (6") 

n m *nj&**/jv it ft is. n in f j m & wt ft to m «w i m % ( mj *n c foc ) ± 

inuiwmt 

ift R HU BST-#, ac—tisn ° n km SM,x€ 

«(*),£* u(x), P n Yftnmm 

m ) m , to fa t« a . #*& fpj m (M) w, 

<P(jr, a)-k(;t) + 

A(Y -x>-^)J^^ W! ^a w /9x I ,^Nm^(2)^(POC)f>mf^ 

u t (x* )<A* Pi, [u t (x*)-A t '^;]x( > =0,i = I,2 J ‘",fj (7a) 

* 

A 

Y-p.x'^ 0, A‘(Y-*.**)=<) (7b) 
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iss.i’^o.rso .«M®l&gCx)=Y- 

(7)^h.{ t-,* f* 

t t «,-(j;')>0,iSa(2.4)K)#jHl(ii)W^a2.1 «lfrjffl<ii),(7) 

■ffge W m *£'£ ItlfrT An W “ ^ ft &M $ 

T.£^±,M « 

, so £ft *«'1 1 , - gfr *n - gfr&tt r ji ft m Sd m r m ft:# w # 

tt. 

Wil i,«,U")>0jlJ(7a)t )^A* ft ffiiiU*>0#fi5tf 
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- & ft * <r &# x 




JOO 


pi A* >0 


Y — p*x* = 0 (7'b) 

A 

n 

w ; (.r* ) = A * pi , i = 1,2, ■” , n (7a) 


Mia(7'a)w(7b')^fi5( n + D^g,iss'Sjm®«tj£atfc^( n + u-t® 
S: , * ,* = a;, (/>, y ) , j = 1 ,2, ■ 1 •, n , A * - k(p, Y ). ® X; ( p, Y) , i = 1 ,2, * - , 

£± a'fiaw*,siri j r >o. m #. «r 

i =fT jt* 

ffl»RA3ie^ust,j«ji#WB!«F^ma.M =o,spA«ffm 


i, u-( J- * )SA * p; 


m uAx'Xk'Pi 



512,9 

,M_S.'b'A m . & 

stj&tt,*(7' a )ft#j9f^ a a >o 

JtftdSA i > «,(A )<0 

(i» ; >0)W ^,7 = 
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M2* 




pmwxt&ftw i [lj; i@fiw .r &(*H& j * A) 


U -( T ) < 0 

\m , ass in ftm # £ m n & # a w a-#*. m m # (& 

m %) 0 P n P m&m £ w if. < $ m) &wt&. ® & mm jim km 

ioi ^ aph a-<o,sp^(7a)m ai c.r)<o(K«i a* >oub«m ;florae 

tj.r;>0(M U,-U') = A >'<()). 

l m t± -sm m =t# se (inf A4SMm*B tt 

#). [ 13] amp , $m w ^jST^d t$5E : 

it '+ ,■*e KJiff* m . 

A P-j:* - Y). 

dtM'J'fc 3Hn#&-St&n)s?as#s?3EffiAia£, *€ tf\* 

/(jr)S>',i-^0 K^#T,Jfi/Mfc w-x[ = #A'ft- (u,'.jr)],jJM TU 

&, m mmti w *, > o (wi imi se & ■w). &^ ra m 

*U,A)=- tv.* + A[fU) - y].W^, bm 

Jg^KPOCMKi^: 


- -Wj + A * f,(x * )5i0, [ - «,-,- + A * /; (j; * ) ].x * = O f V i ( 8 a) 

/U*)- 3 r> 0 ,A*[/(i*)-y ]=0 ( 8 b) 

.r (w, 31 ) ,i = 1,2, “ * ,n,VX]k. X* = \(u>,y). 

x^O te fix) > y ( Slater &#) • M± A® fft / , 

^l|5 At& 2.3 W^fHiii) (Arrow — Hurwicz- Uzawa )£®) , ( 8 )^MH^®ffc 

m ftn. urn c - ™ , g m # pn w 

\ fix) -jr[ jiHMOflffjimiawj.sni^a 2.4 

( Arrow- Enthoven &S) ft(iv), (8) Xj"T ± ftM. ft® M£#ft - & W, 

Slater ), (8)^^M#M 

s wr^: 
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.S= \ J?*: ! 

m. a Mff m w #&i£&3j (- tl- . *) «, is w^- 

^ W. >j T EA : (8) M Mffe t ® ffl ^r M ffl S£ a 2 .3 M i v). 

A */;< j-* >-*?,, 0 jtfc A *>0 

^#{8a)^jR A*/,U* ) = w,, 0 Jfc A * > 0 H /, (jr * ) > 0. $ M £ 

A*>0 Sill /U*) - ,-y. i££8ffJffi£ffi$fcflSi&.5tfJ5lf^f X./U) =J. 

/< x *)=^ j& *rs; /, x; >0 m wm 

ifrt£(8a) IB# K i, fi (-r* ) > o R A ‘ /, (X ■* ) < Wf , £ jfctim'*, 
i;=o.Mi-mfSi^^p]irt^’’,sft®fiEitt 

x;>o(— 

F,Ar/ ; <x" ) = «>,■. Hitt 

* ) = y, (8a)fn(8b) Pila^fTF : 

A */,(** ) = tt),,i = 1,2,-*-, n fa/(x* ) = ,y (8') 

jos (s')^m(fi MM^reifc® + 

S, [ 14] x * = x i (uu ,y) ,i = l t 2,-" ,n,X* = A ( w, y ) - 03 Wt -r, ( w, y ) ^t/5 %\1z& 


§2.3 mVtM$$l£MU 


^ xck*;Ri x = J?"fn y = 

15r *T hi M . 

[ESt].4- ®C.r l3 r)ji^jJt^ xx y. 

inMJt'tfif^r iexjf y, 

%VaX* y+Wj^(j-©(x.y)Mlftjft. 


j±: && *r ft at, ^ # jt-te— # . 



<p( j- * , y * ) — nmx${j: ,y* ) , V X 

j- 
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M2* 




CP(:r“ ,y “ ) = min3>(:r * ,y) , V y €r Y 

> 

y*,x'4£ x\y‘4fc 

* ,jf) ife #J * *J'. X SUfe, *F A T # -Ift ^ It « B -Jg 4t ^ ( A H 

2.10). [l5J 

Nikaido, 1961,142-143 X): 

^(j" ,y)=l - x + y .0<.?-< 1 , 0=Sy£sl 

A(o,o)Jt 

■fc# h Jfc«.w ft lfe,£. 



H2.10 

#.&4tft7 *ttlfft-'HMifft4N*.4‘ f fr g] ,j = 1,2,'", 

&4t * 'Z'-mit Jt * A 4t ft . 4 A ft *: & g, (.7-)>0, j = l, 

S,^ 



j.-6J?"!g J (jr)£0,j 



,7W 


,.rs£0 




®(x,A)=/(j) + A .g(j-),A = (A : ,- i -,A,„)^0. 

4^a n = U 6 R”: x>0 } &p ft # $ #.lfL. 

Aft £ *] T ft ft'NH'h 

(M) )>/(!■). 

®(i,A*)s$u*,n<$(xM) 

^■’t’’ ^C-C, A)=/(j:) + A *g-{,t)- 


$& ► 






105 iHMSP)#^ 

[S12.5] ®«ft(SF)JtiLjP^: 

(0 &#(M)dU; 

(ii) A * ■ff(x*)~0. 

2.5 £.&4tf,g, d& * **-!£*( & ft — £ 

£.31). & * 44 ii 9J « . #'] *> , JSL Takayama( 1985 ,74 #)- 

* # a M. ^ A# M 7 A * W j®. £ j?_ 

2.6 7 ^ Kahn ffl Tucker( ]951) $1 Uzawaf 1958). ;7 .51 Takayama( 1985,70 ~ 73 

50. 

[mmi.b] m&ftfftg, HSJ&HM,Slater 

2.5 ft 2.6, 3Sff] aLMUM^M 2.1. 

[^S2.7l ^L%f ftg } , j = \,2,'",m ^ TO ,#1. Slater aHTOJl® 

AL . ^ <SP)jti£ IlH , (M)&:7, sm 

^ffi2.5,2.6ffi2.7 fftg } 

a- (ta^iA^ft,ffiin#s^i 2.8. mm 

Takayama( 1985,91 ~ 92 50 ■ 

106 [ 112 . 8 ] 

(i) MKSP)M(FOC); 

(ii) M /Wfiy.> = l,2,-,m t i|ija[ u ]W,flP^(FOC)#dl^tt : (SP). 

j± : g ^ & # (SP) & A # & ( POC), # A ii 4“ A 7 * A. A (* It A* * 

fr), #r>A (FOC) ii.** ^ ftl^/£&#(QSP)- Kuhn-Tucker- 

Lagrange 4H*K 


it : it-tt ^. — 7 w jt ** -e 7 at 

4H£fiT A *44 7 * J 1±. Tak ayama- El -Hod i ri ( 1968, % ^ Takayamal985,285 ~ 

294 % )&M t ±4 -%#44 #4i, & R Ji|44 £ fll t, Aft 

£*£**$ «***,*’** “frl* (SP)#4i. & Anderson - 
Takayama (1979). 


M2 m 
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n 0ffi^rujjisft#ft^. mimmMM#- * e s a^sct , mn * e i? n i® 

/(.r )£;*:,&£ S=\T€R' t g J (r)^Q,j = l,2,-,™,x>Q\.&ft&ftn& 

SnT: 

&tt{M) x* e sMPJrfi t£S,$ fix')>fix). 

*fHu«) :r*esM«N r (x , )jwi'snN r u*).i 

/(-T* )S/(.t) . 

3>(:t, A )=/(x) + A *tf(x) 


&#[FOC) J A*)>O f ®t#^ft( 2 a)^tI( 2 bJ^ 5 :. 

(A-H-U) £ ft tiMT fflfffnj—^ Arrow - Hurwicz - Uzawa 

107 to ft 

(li) ft Slater 


(S) a>O t -ft4?^J9f=t J,ft(x)>0 


(iii) 

&tt(A-E) fi*t/Wft fi5£SLM.a Arrow - Enthoven 

(i) *f*#U$* i t df{x*)/axi> 0; 


(li) M/(.r)£M. 

^frtconc) mmfnz,,] = \a,-,mn&nm. 
ftfttconv) ^sjifiW,rfi«t/^M^ttua^iaw. 

£»Ijl&f* (Cone)}$£, M (Conv)& &m M ft - aft®If J& 

2 . 11 ). 2.11 



m-i 

/»ft «r&. 


(M) 


(Conc)+(S) 



(SP) 

i i 

(Cnoc) 


t f 

(EOC) 


S2.ll 


JOS 


mm-. 


82 ^jgSFW’-^ipi ■' 



109 


(N2) m / jifi m , %£mn.m . 




m . mat, mr\ . &z , mm aj t m mt \t = 

[$is 2 . 9 ] -M,Kfrm 2 .n 

mm .x 

JEd, m (M) 7 LM), (FOC)#T(SP), M 2.12 Ji» 8<J. £*S'&M 



(M)^—> (LM) ^ i, (FOC)~* ^r(SP) 


s 2,12 4, ftH”»»w*wtte 

m&MM 

r Jgtf" * - M *, $■ a 

JB X BMPl.rA-tW.KtiMNgniaS/l^ 


(M !J3 ) Maximize p-x ^ Ai'^r, 


irjm p .iwito# raaKMu,)* m 

: p = Pfif,.i = j*iti (7#, r = WMH a, ft, = ’±F j 

a ;j %&MA mi fit mmm. 

±M®*mJg(MuO Wftlftga P g®tJ£X*j 

&(x ,w)=p-x + -w~(r - Ax) t (9) 


&m ir timmm. #&&&&. 2 . 9 , ^ h. & ^ $ 

(x*, w ■* )>o fiU *,xc■* )£- $(j, *uWM &.&P 

<P(x , TV 11 ) 7; <£> ( -T * , TV* )^;<P(x * , TV ) , V rSrQ , Tf’^SO ( 10) 

m , ® ^ftirni® (My.) mm ** ##. £ *« v % 

^{•w ,x )= - <P(x ,w) — - p • x — TO-(r — Ax ) 

= ~ tv • r + x • (A 'xv ~ p ) (11) 

¥■( TV , X * )i 1 P( TV * , X * TV* ,x) , V 7VS=0 . r2_0 (12) 

'Hxt'\x*)>0,®U>* ,.r* m 

ftSCMuOWjSf 

mxt^i tN® : * a'tv^pr-w^ o ttfj&fTF,» ™e R'Mim 

( Mlp) min w r ( = max - m ■ r ) 


► S3 


$ 2 & #&&#&&! 
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A'ui^p , 

N® (%) mm m h w& jp mm gg a m urn unfa 

TV , -T )= “ It ! *.T + X ■ ( A ' lX 1 - p) (11) 

'£SJE:±-^(ll)S|Hl.i^a2.9,3IH5l^#ft(t t >*,T*)^0,ffi(Ti;*,j-‘) 

™*S:0 #£.!«,( 12) 

3sM'g w. Ji#, am m# fii t = 

no [&H2.10] 

jttTOfl'Ifl 

-/>)=0 (13) 

/) • x * = tu * * r (14) 


2.5 W^a(ii),(13)AA. H ,w*) = 

-?U* ,**),£ + 


|) ‘. I *+ lv *.(r-A./) = E'*''-/*( A ^* -/») 

£40*1*3 (13)#$) (14). 

* (M (J >)#?& JL *4fc fl a(m IP ) <Kr #fl HflE - 

tm sit %m & ( m^. > m ( mu ,) *, & a mmt ft m = 

(0 CMu>) p Hi3aft(m lJ ,)fi<f^i|i4 , ,(m Ll ,)W!R®lRlft r ft i 

GO ^3&jeft£ffiutfctt&a. 

( Hi ) 

S.:&4£ 2.10 «4Ni(i)Ml3K(14)jt£&«l^t 

*#*ttttSI#SW3yfl|Ea.^*(ii)*#?& Goldman-Tucker -fit 

^ Goldman - Tueker( 1956) ill ii^J ,-jf- 








M a# w —&■&. -Fft 4Mnsi] #& *f 

Dantzig( 1970,120-134 *)#itW 
*» Nikaido( 1970,120 -130 %) , If £ £ Sit 0 -fl # # ft -ft M #& * #fe 

—>MUU . &i£ 2.10 (Hnf ftiS-aJj & Takayama (1985,156 - 157 

30. 

§ 2.4 

d Hicksf 1959,1946) fU SamucLsonC 1947) M 3 : ft lit /n , 1*1' 

mm m mm* im. mm© a w . 


2.4.1 *JM-f£tt [17] 

$fm f(j *j=U2,-,m 

ilTiW A-(CM), &n x G £", 

(CM) Maximize fix) 

8 } (x) =Q,j = 1,2,”- 1 m 

iEin 2.i , & S: m< «, nte M»0ftTSjf^tM«0. Ini 

'ftft: 

(lm*) ^ 

— Efrfcft(FOC*)'W: 

(pcx:* ) #£ .r* e/? n MftA€iT,&# ®; =o,gp 

771 

r ?/( j- * ) + SA,* tift ( j: * ) /3.r ; — 0, i — 1 , -*-, n ( 15a) 

gj(x*)=Q t j = l,2i — ,m (15b) 

iiM $(x,A)^/(x,A) + A-ffU KStfftgH bl, 

Tifii & : 


► S5 


# 2 * tfist-mw#} 




17i3! 2.11 ] b Mfr.r*x 

ttfcm, 

113 

B^l3gj(x* )/dZj](=g* ) 

(R) B tfy%k= m 

MMiM'mihiwr.*). 

#, +m ,#&- -sr(NM& &. «£&, 

) S5&Jtfetelii(P0C* 

tt(R)£M£3!2.ll 

T. 

^^tttt«5tt f iijS:(15)^^ : f(2)ffi(FOC)-#ftili]' ) flS®^ili‘eaW 

' -fev5|s]: 

<0 <2)']'« A*#«)3f£^ A*>0,iffl(15)*GS A*TO^l8,mfc|i#¥. 

(ii) #(2 )*,<p; <p; =0. j&t* 

«ft M * $u % 

x* >0(rtM) d>; =0,IEMfn#(3)*mt&M#. 

(in) )^0 5 ^*(15) 

*m*}j<ii£3LVt , *u *)=o. mu± 

m (iv) °smrtM: J,£■(.;■ *)>o,MM a; >q,M1 

mm x,(m )=o. a * > 0 {mmft },\; >o> 

~Mm j , g] u *)=o. &# m x * >o & a * >o, w y 4imft&w m t foc> 

S±-A^NT**S^ft^(POC), 

A - [^(.i'A * )/3.r J 3j' J J(-^A) 

A J&tf> tix At)SC{g*(.r* , A * JftflJf . "Rfrjfr^JRtttSONOffi^RfrJE 

CSONC) «# R£ = 0 ^ ^ £'A*£ 0; 

(SOSC) ?v^0,J. B? = 0 ft f ?'Ae<0; 

^£?'£?^ i ( r '£ fr £*). [19 ' 1 

[713! 2.12] 
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(i) &mLM*)ffi(R)^Ml(SONC). 


(ii) (FOC')*»I(SOSC)JgMl(LM* ),K 

db (i), M (R), (. SONC) flJ (PCX' * ) M -f (LM* ) £ & ®j ft) . (ii ) 

&W*u£(Ktxv 

ii# (R) U>f , «r ,’i (SOSC) *tT (LM* ) ft! (& % 

. [2 " : ^^(™oitj(sasc)^:rHj^Mm, 

MM. (SOSC)*mLM" 2.4 toM 

rmi 


[m 2.4 ] #jss# x e r mu) = - ( t ■ i r &x wwjS. wm.m , 
fU)& ** = i x* = 1 &t(FCx:*), 

= (SONC)M- 

f r \x*m),(.s.^c)^f"uu<o.m^m,f'\xu= - 12 U* -d 2 ,^ 

x* = i^To,0jit(sf)Nt:)ilJEdMCSOSC)^ii J £.' 

MJtl «,j, h h ^ 7K A fi to 7C M , i£ ¥, A = [«,-,], ii = [ ^ ]. ^ jJ£. 

( m + k ) X ( m + k ) I Q I %} 


r 0 

I* 

0 ■•• 

0 

*ii 

*12 *" 

1 

-tr 

: 0 

1 

r 

0 ■•• 

■ * 

r ■ 

0 

* 

b 

A?i 

» 

*22 "■ 

fr 4 

/J 2 * 

* 

+ 

0 

0 "■ 

0 


6 m3 “■ 

fr 

Ni 

&21 "‘ 

*.« 1 

^11 

^12 

a lit 

*12 

» 

» 

^22 "' 

b * 

b A 

I ;2 

* 

* 

^21 

* 

a 2 i 

T 

v 

* 

^ 1 A 

► 4 

^ 2 * 

♦ 

6 Jn * 

* 

0 *] 

t § 

a k 2 ,w 

■ 


^ H * je( m + n ) X (m + n ) |^= UiL^L^S 



■ 0 

B " 


“ 0 

* 

£\r 

■B J 

A - 


JC ' 

1 

* XX J 


us si b> m g ; T m\&B *%,* Mg&i^.xiT h 

w%to&mngmMWftw ^:ja± s : nm\. ft ]ft i c*;£ h Mi^±f 
^. n& mmf Httsc# u -iss# ^ % c 0 mm a t %.m a. 10 > , *r 
Ui&^&-ft-(sosc) r211 & 


(BHC) ( 1 )* I C fr ! >Q,k- m + 1, ■*■, 71 

(SOSC) fll (SONS) to % M& CBHC) fillttife + Ml H. ■&Stfi 
iSL , ftf «W&ft (LM‘)S-#(BHC),^^( BIIC) XI 

^ ft - r it %n ”. s g&isT fiD %-ton m , ra ft#j 
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M 2 -$r 




2.4'.H^t£#^jfE t <P XX = f "(x) = - I2(x - l) 2 , (BHC)ffi 
/ "U* ) <0. M, 3 x* = m, £ f . f”(x* ) =0, BP 

H — f ”(-r * ). 

2.4.2 iMEfftti&fcJMlt® 

* w, tts!. nma Kg - t b 

^ di som.# 2.2 uj w tte^M. 

^ , is### p- x = y *€ ir$u(x )&jz. m 

<P(x,*) = f(x) + HY-p. 

x) .a^KStt (fcx: * )£ (15) hJ-^# : 

m,-(-c* ) = A * />,, i - 1 ,2,---, n , #JL p'X* =Y (16) 

iSM M f =rltf /tljr;, (WtUxI:( 16)^ f, pi >0,^ _S.Xt^£ z, «,■ ( x *) >0. $|5 

nw , if. jnimjeffM m , . * (16>, m 

g{x) = Y-p.x t mtfi g\x)= - p.m at,m 
i&tt&Mi,p i >a,&%t t ,{x*)>0M&ft{R)m8i,&£g(x)M&%=f L i. 

2.3(Arrow- Hurwicz- Uzawa/S SP_} fKl (v)^@—3£. 

(FOC)AH" 

«'(i).^aiBig six) = - ^,®finrui^jsutoai»#gP¥* 

0 -* 1 

TJ — r 

L - p T u"(x* ) - 

118 &S P T &p toftS. 0j)t(BHC}t6^ 


1 

* ^ 

A 

o 

* 

0 

~P\ 

~ Pi 

-pi 

u u 

M]2 >0 ? 

i ~ Pi «u 

~ Pi 

* 

* 


u 2l 

“22 

M <-AA(.A )/3x^ X j , 

i*j = 

1,2,- 



SS ^if :* r 'r fc: S' 8r * ,vt 


( 17 ) 




>(),- 


0 



0 

p 1 

Pi 

Pi 






4& 

A 

o 

•-* 

Pi 

un 

U[2 

Pi 

U 11 


p2 

u 2 \ 

u 22 


( 17 ') 


(ir)iHpr^ 


0 ui 

4. 4 


; 0 

! 

* 

«1 

ft 

«2 


<0, 

* 

U [ 

«u 

Mj*2 

>0, 

«i «n 

1 

pi 

* 

"21 

ft 

^22 



( 18 ) 


W.a-^,in^aU)JiPttl£l[HlEH),3iP^(FDC)CftTitTfll-«f^^.iH 

in hu m&m «, ( r-ft ) Bt m ft w & ** #s.® ini m n w, ttu c bho 

ft' iS x , 



«l( 

«11 



0 

H| (x) 

U 2 (x) 

A 

0 

•4 

U 1 ( X ) 

H|l(l ) 

Ui 2 (x) 


U 2 (x ) 

U 2 \(x) 

u 2i(x) 


>0, 


(19) 


7.|W]#,&£(lor ),(BHC)^ 

T(BHC) Wggffc#. -6£^§—Srifif , mt*JS2i W, Wtt- 

mjem.isi+z 

^M.iia^si.u w#jsa>,sffinjjy»rprip^ wU)£®™,3|54tf 

x , 



0 

u i(x) 

u 2 (x) 


Ui(.r) 

u n (x) 

u l 2 (x) 

>o 5 - 

u 2 {x) 

u 2 ] (x) 

« 22 (-*•') 

1 


( 20 ) 


^#(20)tt(18)^,@^(20)fti^^,iTa(18)^™^^.^-^ffi, 
(2O)I£(18)&,0*(2O)g#JttJ^# -r ** At®*. 




^W,lftl(20)-f 13. 

&& ,^ifj ffe(cr) ft im&mmAb (nvDzm ite 

(i) (NIT)HJ3M^ fwmn *>0,M(CT)1£#&#ftlft£. 

(ii) <CT)^^ikM j- . 

tiii) Em,(CT);JUt3?# 

(iv) 

(v) (SQSC)^(BHOR^T#^^ a- 

j- « . fk t&# w : (st xsc) £ (bhc) && ^ m Biss atm . m $ m # 

no (vi) XfT-*Ha^.^CSOSC)-^-"Mt-W^»^Bt,W(BHC)W 

m (sosc) * ft v ±£& w j&p it mm m& w r « w ^s, h 

iH:+^x=m ^j , [an ^ e v. ( npt) ^ wm -tt ^ 

(wi) (NFr)tffifflWTOiatt^ft ; ^Ktfjms | Jtt^(CT)^W(sosT)^ 
(RHOEiSeaW^jSfff. 



(1) ^ :& j:/ a + y/b<z 1, U jc , y^O KlI^T , J&# (.r , y) € R 1 

ffi u(j-,y) = x l - V^-S^.M « Wb 

(0 3-U* i*>oiy >o. 

#*:*S::r* =0,^rfS4?fJ = 0,XWf ^. 

(ii) ^tU±^M^-Mft(FOC). 

(ill) mm>J a ftb 

John Stuart Mill 4 — ft,-* t *£$=£ ffl A 

Takayama, A. 1972. International Trade: An Approach of Theory. New 
York : Holt, Rinehart fa Winston, % 5 ^. 

(2) QU,y)$m&i 

121 (a) <P(a ;, y ) = 1 - x + y ,02^.rS?l .OY^yJsl 

(b) VU,y) = r 2 +y 2 , ~l^£l, -l£y^l 



► 


&&&&&& ■ H 


n H*- !f k>»** M*>. . 


Y m 


Xh " W- • p S •*• 


4im 




(3) Kelvin Uncaster 75 DO: 

(a) “iSMfi^M 

Maximize /( x ) t ! i *X fl *X g‘ ( c ) =0, z = 1 ,2, ■ * •, a , rsiO 

! x 1 g’{x)^ i O,i = 1,2 ,•” . n ;-r2S0i EHNlnlEft. ” 

x* ,A* ,iiM x*.” 

Lancaster tili&^J, 

(c) mm 


Maximize / ( x ) gj(x)^ 0 

<V f U*,An =f _^ x ,£< 0 , ■■•"<# 64 ft) 

<>x } 

f } -afrtx } \lg=dg/dx r 

J*0 

ft®: 

(ii) #J®(a)tb^KW,H*^#Ca)=ffi^±S^^6<j,^ft(b)^ 

ffi? 

: ^--f R JS (i) ^ C b) +> (c). M Slater M -f . 
^:Lancaster,K.1968.<«LaS^#>.ia^:iJt^^. 

(4) 



[ 1 ] Q M, i*-*±I T TakayamaC 1985, 2 ^). IU# 

* Mangasr ian (1969), Luenberger( 1973), fU Hcstcnes( 1975) 

JKtf)*S$ifcj£.£ Intriligatorf 1981)LO Dixit(1990)i# tfe. 


~X& . B£& * *s +#&- &.r t f m fG)>f(x ')M 

MWfGf[dx + (i-d)i:*]mfG)H\ 0)fG'),0<d^\.til^f(x)> 

/(x*), &m m j[dx + (i-^ij* j>/(x’ , )o,o<^i.*i-^fe ) d-9) 
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ftftfit&M 




-r\0< 0^1. Bias x* r tiWMxt 

simu* ),W f{x* )>/U).&# e o,®.; e sn n r u *). & 

ff m iG)> /(/)j;esnu,(/), . 

[ 3 ]*SE^tft—jr€S,/(;r*) = /(i)> 
Si S \1.tx7 x * . 19: jt==( x .* + ,r )/2 , #|J ■& ,r € S . {P. Jlk ft) / 

ic.ies/(^)>/(x •)7 f &<j ast ®t an &,MfrcM q 

m%o<6S\,4i /tfe + ci -0)** J >/(.*' ).« efi®«fiTO,af]pr 

, .***£/( *) ft s 

(i).-r* if S, 

fix' ) = /(.t)£/(.t) ,.r* Mar.'S x=(x* + .r)/2,SflltT /(x)>/(x* )-EL 

.t6S,SMJIW- 

^(o^wra^aw.was/flift #.* +#^ih]w,a j 

^{x* ,A i ).(i-r‘),&I$ J U i ,A*)*<P#.U* ,A* )«{t^J itfiD 
$® fa *- & E fM (POC) W (2a), 3>; • -r* = o, di 4>U,A*)- 
2>(j;* ,A *) = <PS •-£,j&Milii(2a)4 1 #] <PS £;0, X i t xSiO,#* •-^£0. 

^IJffi(2b)4 J ^A*-^(x*)-0,W^ ^0,$(T,A*)-^(x%A*)<0jftii 

^fix * y^fix) , TIE m % 7. # ( m)Skl£W?$mg , 5tf Jttnt B & Takayama 
(1985,70-73 jSfB91 M). 

[7]la!MM2.2+6<J/(x) = x 0 1 ^ 2 B .5nm ,T 1 = o,SP^/=o,ltiiR#lffi® 

X! >0,X‘2>0 PiXj + ^2^2 = 3 , >ffi/(^‘) >0- 0ltfc,&RJ^ X = 

-r L >0. 

.r 2 >0.-M,M$l2.2 tW^ffiSSWOjbb-Etau^s^sCT.^Wffiffi 

mmn . a *%,m. a. 3) 

W#5L-A-#La«^af»«, 'tilttMftT® fid 


g"(x) = 


~ 2 0 
L 0 -2 


Silt ,rtm ( X,,* 2 )^0 ,j:- g"iX ) .X = -2x?-2.r^ <0 , && IJ 5 7 g(x)ff)f* 

mmsMii i 1 . 10 ). 
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[u] B§«cWJ™ e ^i [Iti gfej-^^iife if h fhj j^ i;.j. , 

e^ifi iti ft , &&«*#•# dii mh 

% 1 ^/hl^ 1.5.4. 

[ 12 ||J i&SIiJ-tf&M ft r8 0-1, ftps 44^ [H Dll. 

#iitW &7,ii'i«,( .r )>o. Wirt.tiS&fflaS 
&(£ R 2 ft ##U£± ),££,&: 


j 2 £«.£i ) U'J U (a 1 ! ,X 2 )^j j(^ 2 - a.x ! ) l “;?fjf! : j u-0 

«+o<a<i,H.a 4k- ^ tf. wnf «c. mn bJ iy ttw- ; 


it i(- —4u /dxy ) — xj '(j) - * 7 '!) a {t-i-T‘i a.r j) 


M J! 4r 2 < « /a , MIE t&,UJh%4 x,/x 2 > a/a, J t'£ J& ft ft. j&ft ■-tf wT 

I<. Fare f4 M 

ri3]®il Hicks(1946)f[T SamuelsonC 1947)DllMMffiftTj' 10 tf-M 
; , 14]5c^#a‘, tS® A { w, y ) #1 Xj(w > .v)tE 77 Tlil4'Mjtl(8').^Lt^FH (8)43 

[i5]#|in,^& $:R 2 ^R,'MXi3 a>u,y)^.y 2 - x 2 . m* j *f mT\ 

ix ,y)£ R 2 MW,&& ^8.6,£+fl>(0,0)- 

0 ■ Mj& CO, 0) Of lit * . m Bt&.t (.x, y) ~ { 2x t 2y) t F\tk 

& ( 0 , 0 )=(o, o). m vx, 7* c ax #j ^ n \k it m mi?#. > im h m & 

(POC)^|6«i£S^.ji¥.^J9fW(.r,3r)eJ? 2 ,4>(O t O)>«>( J : Ji v)>(^i.^ 

2. It) IS g Takayama(1985,67 30. 

;16]2.4t rtffC} Takayania( 1981). 

Hcstmcs(1975 J 3 #), 

Takayama( 1985, ?fj 1 jfe£ft Bliss( 1946)^11 Oirathe.xJory( 1967) 

ftlStflt. 

i .5 An .4) 

nm. ## am* a.ftiitt m *n& m 

l-5fn®a i.4^JfflWMjRJp^ii'n«[Siife&af-THEWJi®?#S9.*ilfc, 

@f ilfcJE n ® ® .r »( n - m ) M Ok M y ffl m liilst \5t 

y{x)=g{y, z)^f z ftS^- (y " , z 1 )£fc« ft (SlftiE 

* ) - 0Mti#( r ),mx &« kji- arm, , &M*t 

Z (.v),W^ 




fU)=f[y,z(y)]^h(y) 


itt a (g) ^" jk sim-®** (m&m >. ii#, 

(*) *;=/;+/a; =o 

=(>*,** )*fcM 

gj + A Zy = 0 
* ),& /; + A g; = 0 , i£M , 

ftT aiXffl ^s,g;' IfflX m fc»P¥,$flit£ rsix w 

/:+A*g;o/: -/:)=o 

/; + r ff ; - o & 0: = 0, 3 ta <p^/+ a . g. f 

(LM)^(R)ffitf,(RX)^ijE0J. 

&,WM sonc :) m t sosc) 

(SONG) 12 = 0%?,% ?A£>0 

(sosc) ^ * exo B ?=0 & a a ?M >0 

[ 20 lM^O, Hicks( 1 946,306 5f) A iff ft #-A^ M 33 W £?■ 4* #rW, “ A 7 {£ 

£f« = 0,MEi ti 2 H<0‘“. 17 

[21 a. 10 & 

'nfijSKi) A ^S: n X n , B m X n ®|^,»j<jj, 

J|iA*fV£X0_B.B£ = 0M A# ?X£<0,^M^ 


( -1) 4 [Q| >0,& - wi + 1 ,”‘ t « 

I c* l&SSfm + 

■ 0 B" 

■B t A- 

W&l$,j&!fl0jE mXm 

r22 ] tiw wds tfcft nmm &# g/h ft ra®, in && ^ * 

(BHC) (-1)"|C*|>0 t A = »i + l,-,n 
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125 ht vmmm&msa aAAft. a* 

fiUDWi^as. 131 

r ift ^ r ^, sin om ® w w m : 

[m 3.1 1 (rit«/j\ft) % ft—^ n «a ttj , m# - t ® jS e xm 

im 
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&3* JUttte&ilr $&?%&&--PM-tiH 



Minimize to • x 


127 


(CM) 


/( x )£v, il xAQ 

&M TO = fel t, > = j* iij £$ , fix) = ^ M, TO >0 m 31 > 

o^^^j#«.^^M/hfl:rnjjaiWjW ^-* w &y,mt 

‘kWJL&}k% x' ar,/ 

diu } ,dx,-/dy 4 " C(iv ,y) = 'W' x(xv t y ), ^ zF ( ft Ah $) 

^E^$C. a(u;,y) —C(ti/,;y)/;y ifH /i(uj ,y)=^dCy{uu,y)/dy , SU /Ts -^p- 

&—t to $m y £ # w <* c ™, v)km . mm, *sj ft $**&& 

^ to m\ y &i&m t *U',y)m$i'&. 

lit® 

(UM) Maximize «(■£') 

p'xYLy, JS. x^O 

SM J «(^) = ^m®l!t,/i = »^l,y=i&A,/)>ofn r>o£&£f$# 

stMswft x*fo%t=F£&pm v'.ajttnnu^^^j x* =x(/>, yk^m 

dx s /dp f %$dz;/dY &5A-'J 11 ^AWf^l®■ 

«. ^isTffi® Nja, %mn x g j? h ,m$ 

Maximize fix,a*) 

mmmi 

K } (x,a * )^0,j = 1, ■•, m ,_&. xSlO 

am®+,*=(/>, **«*& 

filfSf®Si0..a.r 1 *>O,i = l f 2,-,n(rt«Hlf),A/ >0,j = l, 2 , — ,m.W& 

± fl: N ffi W - Ifr^fK Fa:) : 

tfi 

dfi x * , a * ) /dr, + ^Aj * (x * , a * ) /ctej = 0, 

i = 1,2,3,”-, n (la) 


98 ^f&8f#4'¥14i 4 • .*•? 4 * '." j*; <> Ar .t :-X 






£)(-c* , a * )- 0 ,j = 1 , 2 ,-" , m (lb) 

m*. h mm$i 

^>(x t k 7 a)=f(x,a) + A ~g{x , a) 

^U‘,r, a *)=0 ,g(,r*, a *)=0 (1') 

^ A - [ a . m B=[b v ]ftMMU X n)fll(m X f,) 3 g#,£jtJinT: 

A=<M-r*,A* ,a*),Bp 


, A * ,a * ), EP fi.—dg i ( jr * ,A * , oO )/ 3 jr 


^ BMiB b « - m 


0 B 
B' AJ 


^0 



jap^*iasit^a!,®fljTiTwn>rs ,#£« -^ttj^^^ . x ( ff )^AC«), 
tilftx' = *(<.*),** =A(a*),jt-M« a*WS-«J«N( fl *)tWJ9f 


$ f [j:(a),A(a),a]= 0 ,^[i(a),cr ]=0 


( 3 ) 


StjMXfi-Um A(a)(HHtfaj»lfi.*r a*(3tt§—^ * = l,2,-,<r).$R4H3) 

ftSJ.xt#r*r ffewto), 




^.r ( a)/da k 


0 -I 


+ 


a> 


ra. 


* 


0 


( 4 ) 




M $ * itJKfMlI fr^a^UhAUhaJ.MgS, 

«o - <*v =g, [ x (a), a ]. tm (4) nj u mmnh 


0 2> 


At 


<*> 


xt 


3A (a)/f?a^ 

L3j: (cjr) /3a k J 


+ 


<£ 


i 

«u 


= 0 


(40 


J^X(m + n)X( m + 




0 ^ 
L <iO <P 


H* = 


JIT 


0 B 

lb' a 


fci(2),Fr£«SW,0jLt 

^W.jaMiV(o*)(ZN( a '),iaAS®«t i(a)fll A(«)Wj£gmf[|tf »/n 
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mm mn R&&m$ j . Ritt., it ( 4 ' 3 . 1 . 


[®a3.i] IH 1 j■ MM>£,?$m 


*f A = l,2,-,* t 


'^A(a ) 1 

1 

■ 0 47 _ 

- L 

'«V 



- ll ^XT - 





£ Hj^<j>iWjn.&M£&([}] = ^ M).im(5)fcffi7-tMi§& 

&3S 2 * 2.4 Vi’ W £ JI 2.12 rft, ft ffj M 9U a ( LM) ftl ( R) ft ft 

(sonc) - * (sonc)* niH4= ( 2 ), jhi »m m m 


c7<)7 = 0 ^ f,Wc'A?<0- 4 
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U\1 (sosc) 3$ J6L, a 51 i3- ^ $ Hi hw Vimm % ft ( uhc) , tfe St £, h ‘ KSI 11 

h w# ->m&o 

H «A4Jg( n - N(.a-)*m a !-.£#.&*ji£- 

£nrai 


( - 1 YH, >0, i = 2wi ■+ l, ■•■,»! i ji 





fr?i^ H #?#-£=■ (-i)”*" (8) 

J7 ftj( m + JI) - (m + n )&?:£. & (7) ^ Mmi'A H , « 

= O m+M 1 


A 11 ^t-^-(-D’ Bfn 1 






1 

det H 





Xfflf# i,Af,-/detH<0 





tifft -ft a €z N ( a * ) , H 



LK 3 




itt,* 


,K 2T K 3 fn k*$H3i|& 


m X m > jn X « , n X m n X n ® fj"] 


m 
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k, ,k 2 , k 3 k 4 h 4 T ^J m x ™ ^, <&*#& 

H JP4 rr _1 iiji5(‘fM,#ft K l ft k 4 

w. m, ffiww n /ii^Efe k 4 w,& F n?+:j^sff j n&m= m , 

fi(6 )i&Jr .. [s &&&££,aifJt^i.3-2: 

[£ 113 . 2 ] JEW K, WK 4 £XtM. 

[fill 3 . 3 ] %m\ 3.2 (Hj&ffifcJcffcM®. &'t'HJSWftteS 0 FI aSSTtf 

#Ci‘,A,^*,y*) = «(.r) l A(y* -p'-x), Jt + ffrffiffi # P*fnHfc 

k y x* >o,a* >o t s y h^j^^-i5fr^n-(Foc.) 

nT'^fF: 


y f - /I*'r* =ll;M i (-c') _ A’^,* -O.r-l^,"'^ 

&S Ui =,WEc ! ,^ l yhl3^(l)ffiXg4±tM^Wni£t^)Ep$ ff rtT^fF 



0 -/> ■ 

;/ U)>. 


131 


u l) ^d 1 u/dj: i i).T } J=L( u y )^li( 7£1 S Eft n x 7i J^?!). 4 HtJ M tJ 

,#&£ = /■* H*3lE'b'.0£ detH* ^0,^-4 l\Elft{2) 

^>v:. *jtt t jsmia®«tj£fl!,OT(/> a , y )W*-4 iwm(/>, Y),$m 

f r gij 


Y-- p-x(p,Y)~0,u,[-r(p,Y)] 


A(/),y)/>, = 0,? = l,2,-" f n 


Hicks - Slutsky , jmffl'M 3.2,He Cl 

&iSL Takayama 19RS, 163-166 
Jtt) ■ HcfM& 3.3 - 

±ni ra ns £ a* 3.i w 3.2 ns & w *± ® tt to Hicks (1939,me)® 

Samuclson( 1947) %.M Kl $ ?! W ± ^ # iS # (ft f$ & £ ifc'+ J&tf ffi j£t^ - 


M, EM (ft , j&±ji MM. , M a 


Samuelson 




§ 3.2 n&mmm 


fit 


► /fli 


Maxim i ze /’( ,r f a) 






g,(.r,a-)£OJ = 1 , JL .r>0 

A J ( tr )>0.4'#(*,*.a)=fCr,a) + A.frU,a)%$L#®lHR&,>ti-&'HSlM 

miimnmcFocMT: 

& T [.r(a),A(a),aj = 0,g[jr(a) ,a]=G (12) 

i£-#HgJ2 (m.U (&-4«*t± 

i& m^mm ® 0 ^ ipi a. m ® ^ x («> ^ a ( c > ji ^ ® ^ns m ^ , 

f x [:r{a),a] + A (a)*g,[.r(ar),a] ^0 (12'a) 


g[x(a),£r]=0 (12'b) 

w# mm* XT* 

AR f W-£K^d + a, (12' )& v..$«-!£©£$£( 12')fti 

A(cr)D c ■ 

&& jr( 0 ),Kfn^^PS«[F(a)|B ¥(a)* 


F(a)— f{x(a ) ,a ] 

03) 

^(<0—/[ -r (a) ,«] + A (a)-g[jr(n),a] 


( = ^[x(tr),A (a ) , a 1) 

(14) 


gr 61 

[$13.3] F 0 = ^ 0 = ^ f gp 


3F(g) 


3PU,A,a) = g]gl«j ... 

g -j ? *T J- t ^ 1 J * 

d «(■ f -' a * 


(15) 


jiD. t a)=F(x,a) + A .g (,r, a), D 3 jlfc 


133 


d&(_r t k ,a)/da k — df{x,u)/3a k + '£k J 3g J (x , a ) /3« { 

^ = <£ r • x a + • A* + $* = $r • j:„ + g. A. + <T> a 
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&&#)&- 


[5pjffl(12)l 




F a =&'*',+g-a 
= -k'g r ’-r a + f a 
= A ■ g a + f a 


/' - ~A.# r ] 
[ 0 f'j 1±? (12'h)# g x •-»* 1 #*=0] 

(M) 


S£;f±$W)«i ilfa, W £ 4t ffl H , *3<P/3o t 

a* « i if'A B 

F fa<P T^^^^^^.#J**fwmuelstin(1958). 

9L& #■ a] m il&q mm?, sm 

mm. 

m 3 . 4 ] (ft«#&#) n& m um) fnj m. & 

P >0, li*f *M£fc W i,u,( .r )(= 3 ufax, )>0,$ x(p,Y)>0%-£&1 

IB,^(p,yWiii!IMg[.SI a = (p.Y).%SLm&u% 

u(p, v)=«[. r {/ > ,y)](iii»iSfflaiS) d6) 

(t) + A (y- p+x)M 

^Ui3Y-d4>l3Y=^(p,Y) (17) 

* st , && m h mu ttxais ami. swi^sy 

dUl3p J =3#ldp, = -kr J ,j- 1,2,-,n (18) 

s «;& * mm jg « % m m & m m <te m m w) . ^ 

^(i7)fn(i8)#ai 

3 Uj 3 p ) + x } 3 Ut 3 Y = 0,> = 1,2,*-*,n ( 19 ) 

Roy Wil^^(Roy 1942,18-19 <X ). &.M 3 M 

M(p, Y)«JLRt,( 17)SJ(19 )JHm^. 

2 ,’",m ,_EL X£0 x^Ii" /(x)ftX.^ .r(6)^tl A (6)£Mb' 

0(x,A , b)=f(x) + A[A -j?(.r)] 

^j^-^34>lab J =k J (b),j = l,2,“‘,rn (20) 


if 3 * 
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Carl Menger^m^ 

A” fil Hi A (J^T S i£ W ^ j #J^^Kl^?'fft^t’“l®{JE Samuelson 1985 ffl 
Takayama 1977,22-24 W). 

[ffl 3.6](j««/Mt} 

«;>01W i, f.{ x ){=df/d Xi )> o,4 x(w,;y)£Sffc&Afa 

C(.vu, y)=-w*x (iv ,y) (21) 

^ l (j:,A ) w,3/)=--iw-j' + A[/(j:)-3'] 


ac 

3y 




- x,( w,y) >0 ,2 



, n 


( 22 ) 


dC/dw; = .T, $jyA ShephanJ( - McKenzie) ? [ fM (H Shephard 1993 McKenzie 
1957). [s: 

rn « A £ IS: c (™, y) ji AisfrMPj M, SIS £*£ ft . 

i|S^Jffl(22) f 3ftrr=& i 


a X, 3 X; dj~, 7 a 
<?wj, <?uuj T Silj, 


(23) 


&**&& Samuelson . (23)W^-A*i!n£M , 

# S? 1ft Samuelson 1947,64 K) ■ AlSffl 

T'mmfcm, (23)Kut^ xxmtT. 

m 3 . 7 ] {*y ****«) ^&-Atem#Afig x ifej^flfosjy m% 

g(x, y )^o. MUntilMA^A'ffc 

M-# ,y MlBM# Kf( x m&P # &, M g (X ,y)=f ( x) ~ y. 

i&# iG R"f[l;y€: R m , l }A$l 

(PM) Maximize p a y — ’ll’ * x 


g (x. v) AO, .cAO, _yAQ 

^x(/»,«;)ffi>(p, w )Jihifii(5|ffi«ijB.j£^S^:f!lSlslSt* 

•» 
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x(p, Tv) — p ,y(p,w) - XV'xipfVL') 


(24) 




$(.z,y,X,p,vu)—p-y tu-z * Ag(x ,y) 


, m] il bp & m 


dj{ 

dp' 


y, >0, i - \ ,2, -, m 


dn 
3 TO, 


r j < 0, i = 1,2, ■ - ■, n 


(25a) 

(25b) 


**\m ■ (25) + W £&Hotelling 31 3 (1932,594 * ) . :9] && 

(25)J)M ; Wj ( Kflnr#a^SIJ 

A’, = A, dx L = dx L dxj = _ dyi_ 
dpi dpj'dix.'i d-Wj'dp , dw } 

1-37 &M,(2l6mm Hotelling 

m m £ & (1935,69 m ) . *f t ^ m w m m be m ft jg a ft® » £ $ a sw 

=d T jd W) iitA&^T.aLiuw- 

7* nn t#0 ■# (BP HUWJ&*#/] vffc 


^ Anderson *• Takayama, 1979). iEdtuStfctfNiU 1 ] W, & 




M®m-rifc + ,fr>jfe$^£Sttl&ffl,3$ffmsi7 Roy ta^5$, 
Shephard 1 )IS,Hotelling*)|Sffl Hotelling AKhhAlft A. $*TfD{fi#2:,l£$I/c,J& 

= t®a555bfi-K*ffl «ft « (x ) ±^ ffi » / ( j: ) IHl^4Jfe^J 

1982 ). mat ,aam&&£sftsi & m & R<-> y ( 1942 ), 

Shephard(1953 ftl 1970), McKenzie( 1957) m Hotelling* 1932 ftl 1935) U £J $ M 
(fc. , Diewm( 1982,548 K (feW Hi 3t X 
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l&SSfcif&d 1 Hotellingf 1932 fq 1935)tfj«i6£. 

wimpT * Royff-^w. Divert (1982)^ jgff-% mm mmM 

Shephard(l953 W 1970). M;£#J "1 

sh eP hard(i953mM 

«2d^TO7C/7™ f = x, £fmflt&rit+BlfcM#*, ffi 

^^^^g«t(ftfaB.4iam,5ttft®*aiSf ( , T,^>e^«*s: c{ w , y m 

M£.r a & . be* s im®m%&t ^ p^ ft, 

uva , mmm. jeu^t m %lZH m fa . (10 J * itt. je 

$11 Shephard ftp W (»(1953 , 9 M ), “'fel* ft 

!«*”. M dM Shephard J*#* ® JftfR &#id ft ft Shephard 31 M , 

3C/3w, = x,- 3I@ dfe^^ifc(22)-gC. ,i£^*t 

^£M.tr.. [ 1,] £ , sp 4 (JtiH ft) Shephard oi a 

M 7 & ^ £Mp ifc - &#,#&fc^£®#i!lft (22) *ft 

dC/dre,- = x, ^“Shephard JlJ^^ lE$tft, 

M^&ftMfl\$n Shephard *&Wft,JS#"rffiMS:£. 

« WM© Shephard *m£&( 1953 ft! 1970). £ 

Shephard ft D 


D(y,x)— maxi k £ R :/(~^')s£;y, A >0S (27) 

/(x) = maxj:y:D (^,x)^l ,;ys£0t (28) 

.■v 


C(uj,^)=rnax|-[y.x:D(y,x)Sl,x^O} (29) 

7 

m#! trm «m , d ( y , x)^i h /(x )^. y ft-a. am, sem# 

D(^y,x) = max| w* x; C ( zv , v} eS 1, tx-'SOI (30) 

^(29)jfo(30)ftj&7 Shephard JftfflSfcflg ft&£*{!£ Shephard, 1953,22 E; 
1970,159 jff). jffiiSt(27),(29),(30)ffi (28), $££££&^ /=*•!» C=> D=>f. 
^.IfeBTiaAUa^BSft C &^®,BP5Sist(30K(28K 

(27)W(29),C=>D=>/=>D=>C.^MBTlU^)ftfiE4fe^:^M,ffiflSaifc D if 

M#&D;fct£££.(JAL BJackorby,Primoatfq Russell, 1978,39 E). [I3] 
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&l 5f 




§ 3.3 Fiiifc&usfiH 


k w-i*+iH n Jij^Mi? it m #%}}%; . 

ffJfi&KflJfi { Jitife±ltr,SffJJlfl±Ttife'JjEI!iJ*fl=CHC). 

U ° ^ f P.-rei?".^^/(.r)tir®M#^/ £!1 ®^-»(RC)M^M^tt^it 

mm m s xit n m <t is ^ $ m m & w® m. iva r& fit ia -n mi r $ * ft * 

# &iz m w mm xit ra m>4 ± ( rc ). im n & # itw « 4 & 

Nffi. 

***/hft &-%&*}, X 6 R”, vm 

(CM) Minimize iV‘X 

rnM&nzi 


f{x)'^y JlxSsO 


.V /E 


A~ 


:i:i.-w,y) >0 ± j& M ® fft )S , ^ C ( w, y) = vu>x ( w, 


w&mfavmito mmnmm) m ( 23 ). 


4r* 


djc;/3u>j jf ?i x n $. 


^ S=[x„]. S & ft (23) S ,r tJ = .r y ( w, 

y),*tT@$W:y,ste£ W W®«t,s(w).ft]g,*j®^S/hfl:(5l®(CM)W 

^i^,.r(-a', i y) ; ft uv & Euler ~3 jM>M&(4 i w, 

2 ■i'rj’X’j = 0 lS ( TO ) It 1 = 0 

R4 w fi?il itl M, S ;& S(w)Xtffc,iS]fn#£it) re/sCw) = o,S4 w'S lw 

^#,C:(^,^)Sif JilHW-W* C(zv,y) = 

xv.x{w,y)R x $tw ft. *TW93iyjfi, []4: 

■4 X°=X (TO 0 ,3'),X ,t =x(K.’*,3')M X S = x(ltJ fl ,;y)>K4 ufxn ffo; 0 + 


(1 - e)xu\o^6^i,m^ 


0 0 . 0 » * * ~ & 

U> .X ^1V 'X _el iv *x ^~ 


IV * X 


&M& xVr * fa X s tt)&Z , Ktfm /Cx° ) s= y , /(X ■ *) 2 ^ mn * e )*Zy ■ 0 

ut 


m 3 m £ ft flff ^ 

» 

I 

] 


I «. 




ftx ,u • .x° + ( l - 8 ) iv * ’ .T * SsiW 1 ■ x** + (1 - 8) tv * ' ,r° = tiP • x 9 
W . BP dC(nP,y) + (1 ■ d) C ( zv * ,jy)£a C(uJ J ,>0 ,0£0£al,'b'iS 

WMEWT Crtw MIHm-.i*# *„ = 

3 2 cAiw l aw ] ,mit s z.seffj^r z's( w )^o.ft.s 

ftjew&fTF.M i.*, 

w Jtfct^3(Hl*,a's(uOz<0,gp^*limWilEi33i S - 

ns k n w m\ w{«- 1 ) x c ,* - 1 ) s xm tu *„-■< o, t -=i, 2 , - , 

(i) w dc/3w, = x;>o. 

(ii) *. 1 , < 0 . m B'tW s(tw)«.' = o 

ffl -i v'S(iv) = 0 (-w ^ WJjkfriHjtt) ■ 

(iu) *g tr zsmz< 0 , 

39fS^, S n - l),ll^t#flr(f(j i = 1,2, ■■•, n,T t ,< 0. 

ii:3.1 tt(i)#$7&**4t C(w,:y)«^&*‘&£.^>*(ii)fr 

(iu) u>* 

z zS ( w) 2 < 0, Samuelson iE5!!l^ft( $L Samuelson 1947, 

SSIO-it^^^W^A + lKlfl A. 7 fit*, 

m f.ft.-bXL x ;j >Q,^^^rt i -*■■*■ j ^ (Hicks - 

Allen)Hftnn,-r ,,<()(i # (Hicks- Allen}S^pp 

OL Hicks 1946, % 7 t ). J& & ^ - x .., %_ 3L&. $£r*MJ: #} . ?LiSf., *» 

*. i jt> tffrftA(j8i 1 £*|'A),*fc j «^A(jU4h*)>J!l*# j 

tffH&Ji*,*-* j *MfcJS&:K,*P&# .r fl <().*>:*.£-#■■*■ j atilt 

*»*, i -fta)L f i >tj w, jtifr + tSMAtotfffi- 

#),^*«^i5r^|S],w 1 -n x„< 

*&#**#£«**. jS-;**,***, Wl 

Sj'fc Sw — 0, .7T;| IV 1 + j:,2 tfjj + -■■ + 

^inw„ = 0,z = 1,2,”■ h. lij .x 11 <0,it^^^J.i! , ''-'^^-^‘^^'ft l A(P|’,7 : :' 5 r 

x a <0 *« x 12 = x 21 ^0. ^ nS:31tt 


TAO ^.. 

1VO 




ft 1 + a M&a tfei® ^ 1 -t, m1 m *i m ts^ w im n a, ^ 

* x («. , y) mm $** ft it n m ra m (&s y £i* s), m jh m n y m 

py- C(ul>, C-(-w,y)^‘w..t (tu,y). Xftft^ft 

ras tumstt£i&, p - w/dy =&«*. 

/(T)*-gfr#&CMMMft$)- ftJftfit Jg ft, M £t fHffl- Efr&ff, 

m - A/; ,f(x) = y,ti,& /(x)Mftftft . ftfl'Jft WMM (]§£ ft M 
ft ftr.X)!! A>0): 


C = VL' > X = A ft /ft; — Xf (x ) — A V 

> = 1 


MS / =a//3-r,-. A Itt' ft Wt #f W A = C/y, ft (22) j£ 
C/y. 


^lUac/By = 


3 A 1 , 3A 


1 ,3C C 


= 3 ( SEV " C ) - ft ( - ft ) = 0 


ft’ ft v 'ft 


.v y 


Ate-T^ f 0Jit A = c(xu), SP A U£™ MM.0feA = 

C/y , ftfnft C^c{w)y. &Z , 3.2 ft#ft Shephard - Samuelson 

^3l$^i£:(Shephard,l953 ftl Samuelson, 1953), 

nl,Mft 


C/y - dC/3y = A,_S.C=(-('u;)y 


c/y y % 

m mmmm m «r a £& *ft mssr ( em> , m MM) 

(EM) Minimize p * x 


,ft" rftO 

Hicksian?g^S$0.ft E(p,u) = p‘X* (p,u). 09$: £ ttfttjfeft'hSffiSi 

/> ft^#^3EWisHKitU,SJtfc 

me ., ra± at foie tu ftftft n® (em) m &ei /$Afttt w a ( cm) , 

&n , awft ra« m , a m fniH(EM) ^ w /.,«(x) fa»ft si] 


itr 3 * 


M9cii ft# ^ 


► Jd9 





^is]®(cm)*w wjuwy sm^iaa 

' / J''ftr u j^4 , 1^i^ 3.1 .-^ xj =3xl ^P, , S* =[jr^ ]fi n X n &ii^. 

j;=.r,;(#.,«),s*^ u mmj s* = s*(p).m, 

3.1 fg£*^ii. 

(o E{ P ,nm * ^3E/3p = 

# 

jr 

** i " 

(ii) S*Ji^WM^f9.^e«l,^l.&fWW -^0 .|r|#,S*(p)^ = 0 

r p's*(fi)=o(&m fi'Mmfts/>&mE:). 

(no 8tt,sn#afn«s, mmn p \tm w* ^vs*< p )* ■ <0 , m 

M £, & m 0 !J Hicks - Slutsky J3 a. % % m m - s w , ffc f J HI 1 Z ■- ■T ft 

fflTOiHu.ftatwit. ^ (A6) w m ®& * e j?" , u ® 

(UM) Maximize w(_r) 


/>..r^Y,i£0 

ihm ^ ffl. wa « n ^ & aagfia ■t nr w & -. 

E{p,U)=Y Ks(p,Y)^x* (p,U) (31) 

M u=i/<*, y). ;i7 ] HP*uH [/fit(?, ,i|S 4 ,ft 

simifi i7i$&/j'£iU£Y. 

H5 ^ U= U{p, Y)(tf,#_i&A 

x[/>,E(/,,[/)] = .r*(^U) (32) 

P ; ##, Hicks - Slulsky 



- T t {dx s /3Y),i,j ~l,2,--’,n 



ii m#n *r 1a hi m i-T 3 e /a /.,=j-; . [ 118 :1 m x &« ra, *e tfj ft ® $ fn a 

[lfr@ 3-4] ^ x(/»,Y)(>0)^#)tl(UM)^^TOij^^^®TO- 

^hf«jM .W&MW Hicks - Slutsky *®(33)fllfi£^M3.3ft'|£M(u)^ 


jlfl ►. 




(iii)K® s*. 
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S* 3.3 ^'l±^(ii)^{iii)^it5 T^- 

4p&.djr, ( p , Y)/Z pi > 0, iPj # A i *t =»% ^#1$ m ; *» *.*. r, ( p, Y)/ 

*, teX£JLi£&&£3&# 

Greyhourid/Trailway £±ij t 

- *t # A-fiNfr X W *tJ# -Jfc £- FH& **"» S A# * £ ( -l-r/r? p. < 0) , ii *# >& 

#&jw. 


Jnm t$ >o,PSW | jSrfli i^j # 

/>, »!f.£tf)M ,WA& ^u< 1 >,/»j -r, 

W 9 * a .in M Mu a a 2 j^u £ je-® «h u h (a- ,*2 > o), as ■X S# & ft *f & M 
^£--Xifa JuM />l (W l ; I«IISI,i,* t < 

o. Sn mft p u p 2 J ^|*3 sfc, Wffi Kf W &( Xu < 0 ),m^m tf-Sctf TO 

m^rm. 
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it: *» n Hit, dMn^ |r# it; T ?'] % f . a A S * p - 0, 
& if: £ 


.r* J />i + .r' 2 p 2 + "‘ + ;f: r fl / ? f , -0,2 - ,l,2 ,"*,w 

* -f J-: <0,i£**t J. ’>' - A *m A (, * Tf aM A * 
ali^A).**3|t H=2,J~ X 2 * = ilfcfcsft ft A^tit^-ft 


Shephard (1953}. 

[MX 3 a] an $#&&&watt #«!&*«$& *(/)ffifrU)= 

^/{.r)]J^-^^W, [211 m®^/(^)»»M. 

n a#, spt&a ( rc) . up x, ■r m mj&sl&s tm m ftws^ftsriii:. a % .« 

# j iff ^ 




fi j f !i m ra m ( cm) m s 1 7 /( . c ) w m %7 r ® » . 

fc. 

1 ^ 3 . 5 ] 

(i) /( J ;)J£M«,^M^'b'J^“nr^’’M,B|l 

tu"> 0 y^>0 ,C(w, y) = h(iv)‘f , {y) (34) 

witiw t, s^, a ft $ + ff (x) = 

ttfun. [22 ' } &iitm^ ,m\fi n™,y)=h(w)t'( y ). 

U8 (m) 


zv>0 Jl y>Q,.n(zv,y) - (35) 

hj—3k ( iv)/r)-w- , i = 1,2, ■" , n 


ii: (0 *» Shephard 51 S, 7 C/3iv, - x, , A*] (ii), -fUn T ^ 

t^El^Afe,#rf ,«pA(35)AA,Brt.^t-^—^ i frj 

1969 & F^rsund 1975 ), A gift $ ft i5 ft* g ¥} %z & ft i $-(Fare ft Shephard 
1977a ^ 1977b). Idc ft Tahayamaf 1986) [23] &7 —MBj 7 JL-S-^M . 


H9 ‘ii: i± ig. Shephard - Samuclson X ££ ( ^ $L 3.2 ) ;sL — ^ tfr 1JX -& 7 

Hy) = y,My) C/y = 3C/3y = h( iv) = A. t , 

/y — re p A, ( iv )-4 A A y 4& X. £p , ft X f(x)A — AAAft,% z 7^0^"#7 

i AAftM)* y&ji-. 

*£:4“«3.4 #&Aa(iii)#A i4i± 

«!&#*$ 


x# w , -&& , stas^-r , && 

Engei a *&(«:£ 

7 nm . 
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^ 1 — [9.r i (u',y)/3y][y/x I ), i - 1 ,2,, n 


C36) 


i(35)#@J 


A*i - /*2 - -/<„[- ^ , (.y).'v / ^(.v) ] (37) 

f*i = f*2 = '“ = f*« = 1 (38) 


5= [ 3 C( w, y) /<?>' ] (y/C) 


(39) 


i T$mm, $i=w-Ti /c - m t $ a j ^-mm 

9= 9\[i\ + &/*2 + “■ + d,j* 7l (40) 

«£,£ && WM^.#3S 8 

n ii sum e =i, ** m-mm . .a 3.517). 

y ,8-^ 1 . 

3nf M S" 3: 8 - ^llffl;$: S HiNffrJiENkfltl $SE®, Chao ffl Takayama(1991 )^12£T 

s# k+- em?«s^^ ihi r it s s?*^ n flu 1^, 


§ 3.4 
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^ X, (to, y)£%$^ i ^ 

jr„>0 T ^JC i flu ffilttffiTf.fiMtjinS 


X;, < 0 , 




► 113 


.# 3 ^ 




e i} =( Ar,- /^il' } )( -Wj /x,)( = xipL', /.?j), i, j = 1,2, • - , n 

o, } % 

a u — K -J / Q> */(It 1 . r ), i, J = 1 ,2, • ■ •, n (41 ) 

^ ^,&wtm %, c.mmj . ^im*#** w t Aiien.^ m&(vs). l25] 

i mj <Ti,>ocg3E<o). s#.es 

es m m m&r £ to fi 3ft ertfj, w\k r *r ■t * m*. r & 

. ftj$U,Cobb- DbygUs^^S®:#^ i=tj, ^ = 1 

ttf (41 )^P t.^vl'i + Xn'^'z = 0( i = 1,2) ,^E{kflit fkKl 

&#T ,Sfefl®m&£ITilf*£ : 

dz/z = ~ a(dw/iv) ,Z = Xy/X2,OJ : ^lM l /w2 

152 &M <7^2 = ^,. ^ $ WSftZo WFft.Jtd-^ra 

WSA £ fK)1f?g,ESePS^I t *SIW“®^M^#,i!t#S tf,/fl 2 = U'j-r,)/ 
( W2 .r 2 ),fln^ o>io£ tf <i) , w 
ft(jfl£±?l-)■ (jaHick s i932).*n8 <7 

ff TM CES , j^iFl?fj^ Arrow, Chenery, Minhas W Solow( 1961): 

y = f(x\,x 2 ) = (tw*l + bxM) ,;&M jO=((J - l)/<j 

H\f Ll SflKS—*S^:ffl5®(ftlSn , a Fuss, McFadden fD Mundlak, 1978). 

&#, Allen Hicks a. 

,3aat^s± ®® m# 

sir « jutf 

n Allen W 

tt ,ii* Allen « 

(51 Blackorby fO Russell 1989). Blackorby #0 Russell JB * ® flttffi “ Morisbima 

^ C(w,y)|^UJtflfr— Q=ac/3w t fiQ, = 

c/3 TV; d Wj , # a @ 1® Shephard 313S, M\^ M, MB f 4T w #P jy. 

(Jy = GCj/CPj ,i,j = l,2, — ,n (42) 

Uzflw a (1962m£%tcW®£ftSI.5J^,fl 


114 ► 







3.2 ,C(iv,y) = 

c(T£,').v,Sitt(42)t^^Mi&fS J ft^J Uzawa ^ft(1962,293 DO: 


Oij - « ,j / Cfj , S 4 * C, — ft r'd It r, , C,j^-d 2 C /dzUjd-W; 


(43) 


153 



feU Brown ft Christensen( 1981,209 5l) PJf ftr/ 1 ftKP? S it 6: In 57f Dh ID r t 1 W ft ifthlZ 

.T(w,, y ) &<JIS]Jg. / W, $ 

KITftSffi Wft li ^ gft / toto-i- i£ft DT#fh to {**n }#« 

l#ft xtr^Jtottll^ifeStoffiJ® .&MftlNiSh£ /^g.iirjgr^HWT 

^M -tT^ I^T«a# - ^#Wft^ftM Sbephard 

c -e^ ffi 7 ^ je jjti w it- w ia^ a «c#4 Bt, ts- Kr 

ftftMto#to)ft Shephard 5(SC- xj . SsMth Shephard ( 1953) #ft 
W Shephard 3[SjRM£ft# -fB§ft, ®fttoft#^ 

Lagrangian 

liM^ftto(^t§)^ft,ftffl Shephard 51-ffflttft Shephard 3|J£,&0ftjjtft 

to ® umm& ft ft M##C - 

, ftll JMiil' ® ih Christensen, Jorgenson ft Lau( 1971 ft 1975) $r 



tf 


logC(rt',^) - «o + "^ a,-login, 


a — 


i 


+ ySSfi !J log tv, login, 

jm •* Ij* ] 


+ 2ftlogiy ; logv 

r — 1 

+ [c, logj + -yc 2 (log v) 2 ] (44) 

' = l 7=1 

MffiG i ft j , a v = a r - ,_&£&, = 0 (45) 

(45)ftto&ft$ffl->|£:« C(?v,y)rtT ™£-&^&toIIif#&I^C/ 

3w,arv,J ftafftto. [OT] iS^«Efi»fT ® »tor^»iEfei. [301 

155 ft ft w f mft(44),ft)sm Shephard 3IS,ftflf#ft 


iff 3 * pZ#te& 4 f-¥&&&&¥&*& 


► 115 




8, (w, v)^H.' r .r, /C(w,y) 


116 


- h Spying™, + b, log y,i = 1 ,2, — ,ti (46) 

£gttfeM.BE*£ 8, £MM,3P^(46) 

u m w , aonffi fBim, m % 

2 A = 1 ,#(«)*M n 'fUm.R^in 

m aj^/h «&« , au* *e (44) mnm (»-n +, m 1 ^m-f 

mx{w,y) = h(w)<p(y ), & EXft £U*t 0 r# *,£ = 0 .& 3 & 

jaftsrti mmf ^i&#& t h , , #§?r£ 

. [32 ' '&n , b@ isj mm ^, « 

* (34) *0 (35), 0,- & £ F y, ! (46 )1ff % % 


n 


£?; = t£Vi‘,VC — a, + 21ogtzj^ ,i — l ,2, *■*, n 


(47) 


C(w,y) = h( w ) 

;y t m&(44) + t ;{fflFr#W ^ = 0^ Cl = l ^c 2 = 0. 

T-£-,di(44)i$;S, 
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'U’,.v) _ 5 { 1 3c \ b , ? --L 

a ij ~ 31 „ 31 „ - -UJ,ZVj a 1 -A J?=J 

1 o log to, f-nog Wj J rfffi; c <>w 



3 , 1 3C 

ff-w, fl3itj 



Wa lei m.dC/3 «;, = tr, (Shephard *J| M ) *0(41) , RpflSIT® jflJffl 

i(47)ftitlh^ Allot « CTjJ : 






ex^/e: 


(48) 


CES fg M R3 3? * & SI, Beindt *P Wood 

(1975)5pjffi 1947 3] 1971 @ ffeUfijlk ^ 

Oke^ ~3.2 &<?„:=■().65,%t*(K)%\mM(£)£Kt\'&,%3ML)-ft\mM 

&Wft& Off ill T ffuf -1.01,iMc/jftft to). MM± 

Sfctwan 1973 &f e-k &mhtt),m;tni#5{i; f ; 

^W^^JTI^-m.Remdtfn Wood ft tit Hhtt W# 

& e-k e-k 






157 e-k 

& d& r -t m n z.® ^ k %. m in , iE&mmm s m h 

^*.20ittai80 

[24]fj|>fl^A^) - Xj A£jfi(H i, J& Chao *11 Takayama( 1991), & + M A 

. [34] 


§3.5 £^*1 
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^ /( j- ) Ji^RSk, C{ «,, y ) Ml & ft 

«fc.4 6(y) = (dC/Sy)/(C/y) = MC/ 

^riiiflciB e (iks) . 

[£&3.2] 5P4R 6<\,mm IRS(^)#^.ii¥. IRS(0)3£;S#tig Q W 


IRS. 

!RS(9)^.^M,J@I^MM(nRS)f(iA?!£M««(CRS)m® d feZ 
ftllT: 

(i) $O#0>1,DRS(0)#&; 

do in# 0 =i,crs(0)#&. 

P(y) — C(m,y)/y,)^.^. -w faM, fi(y) 

tos'Jtsw^a ,&m p w irs. 

[^X.3,3] in# p'(y)<0,m& IRS(j8)#^,ffiin# (3'{y)>0,w\ 
DRS(/J)^£tM P'(y) =0,M CRS(£)#&. BPM AC 

Mffij&M irs (pm&. 3.2 m 3.3 *$&. bp,s#iwt?ii 


[^pS 3.6] IRS(j9)#&,lRS(0)#&. 


A,Cv ± ( 3C_ 
h K y y K ^y 


c r 

-) = - 2 (d-l) 


y 


y 


a<o. e< 1. [36] 

^M,skfn^wiiE^ 6>u¥Ra% p>Q.&ism]amm & 

5 A=o. 


(W) 


m 3& 


k '&&&& + (#&& Mm 


► 117 




ac &m*,Ac ftmrFfem?*t&i-&*¥‘ 

(«, $ <0 K &< 1), $73, Wit jto liB±?K4jit, £' >0 K e > 1). M 

1975,492 

k fMS# iRSif 

159 %L(k >1)-&X0& tt % 

a (k , x )^f(k x)/[ kf{x) ] (49) 

JB a 69 LRS,£^jlj IRSCaJ.EASnT: 

[^jii 3.4] M 

a(*,i)>l, 5 ^J 9 f^rffi) *>1 ( 50 a) 


a U , *) < 1 , 69 A>,*£0<£<1 (50b) 

*IRS(«)^,i*SXt * = l,a(*,j) = l.feS k 

^. [371 M<50)* « J^Scfrt#DRS( ff )#^JnMM 

09 k , a (k ,x ) = 1.8PJDM / S-&?r#;69 .M X CRS(a )H2Bt • 

(51 > 

ii’>o L38] #& ^ iM,j*HjttH£69 

£ SX IRS,^>J IRS(e),iDTJff^: 

[£*3.5] Jtn£X*£f=frW i>0,e(*,i)>l,|H*it IRS(e)#&.^fcl 
m 69 k >0,E< 1,HiJ DRS(e )#&,69 k, e = \M 
CRS(e)#3fe. 

160 TE69#^lRS{ a )ffIIRS(e)®^®*: 

[#S3.7] IRS(e)#Sfc,^B.^IRS(e)^*. 

[3IS3.1] tiffin® *>o,3a(*,i)/3it>o f ^S.{si^j9f^rtt fe>o f 

e(£,:t) >1, 

iiEM to5£X,#B.&*SI 

isikt£l = ^ Lr^ Mil) _ r/^-%-1 
3* ^V(x) L 3* ^ lJJ 

= iI p/U)[£(^)-l] (M) 


IIP ^.. .—,—. 




isia 3 . 2 ] Mk,x)/dkmftTma m 

(i) k>l,a(k,f)>lfJ$K$L^da(k,x)/3k>Q-, 

mm o, &i&mM k>\:% 

a(k,x ) = /( k x)/\kfix) \ > f(x)/f(x) = 1 

Hi. (\m) 

^tefcW'Hi m , -ft# 3.7 il ep n *. mi , & inmnM drs< d ) m 
l,aH5 DRS(e)$Sfc.S#,SHfHfeRrW|ffW CRS( a )#^,^Rtt^ 

CRS(e)^$Et 
$m 3.8 

[tftjgj 3.8] CRS( o),CRS(e } ,CRS( 6 )*P CRSipMtik^jff. 

CRS(«).M fix)m&b 

1 SI Shephard- Samuelson ae!£ l(lfp HI 3.5 ), Sc It] ^ C/y ~ 3 C/3 y ^ 8 ~ 1, Sfe 

CRSC 8 )J&fL . , MCRS( em%L , C/y = 3C/3y( = ^)Jj5lt 

Zy - C - ^-WrT, - A ll/A, ii E /, =^3f fox- 

l = ] E = 1 

Hitt, 3 - = ij/.r, ■ (?r& NSm Euler ^A ), 1fl 

(W) 

IRSCjS)SffiSWW,fli'em^ 1 3 TRS( ff )»,^^ IRS(e)^ffr.^T 

IRS(0£flt#J6Nr®*ftAW- 

^ ttflutiD m£ a . r .a is ±mjs £ Hi % m - , a jfc&« 

M&MT3MeffM&Wtt ■ , irs( d)fn n«( X , 

. -tkEsm, irs( 8) «iRst^mfSigr jm« 

(EP)^AW- M, ?SS &*§iti IRS(S)*P IRS(/?)M;&-;SS^ IRS(a)*R 
IRS(IdefO Takayama(1987 fP 

1989a)t#Si].m™-AK]^EPrMM¥S?J IRSAMI£^,1 

« s e ^ ^ r *, *e ^ jets si dss ^a«S7p . r«s m » * ep m 

. [3S ’ 

[tipIS 3.9] '^Km /(x)MWjJIEPSi IRS£$fHHfclg£ 

irs. 

IRS &T JitTM :.%&&&-'&,MX 


# 3 * %&*££-# 


► 119 





0, 1984; 

Helpman 1984;Helpman Kmgman 1985}.^ 8 L —'hMSP 

"f k 3£=F i 

ffiST. [4l] 


§3.6 Le Chatelier-Samuelson M 


163 1844 aft #m H. L. Le Chaielier ffiigffe^^ft'^^^WW^, && 

T-^MMfc£rmmm,w 

*•*-*#. fc*tf 

Samuelson(1947)i>Ugf T&-j£ , #tfc 

Chateiier J^jSU’*. Bfijg 

'EMSamuelson *i£W^«fclfc|ftiA t TS-^ , 

, f^fn 4i Pollak( 1969), Eichhom $1 Oettli (1972), Silberberg (1971,1974 
1990),Hatta{ 1980 ft 1987)fit Otani(1982). i*-t* JK JH SI £ & tt Ifc :fc Le 
Chatelier - Samuelson(LeS) Jfj ®f|. 

, Samuelson( 1 947 Mm ( a) SI M |§f ffi &£ M 

m '* wn a . (b) m k& wjKSut —tr & &) c *ms mn&m k mm% w n 

120 A* 




ih ttr" bjb.%: m w m jia # * $ £ m w m . ah m% iu w us m wj &m 

M . U4: 

*i* * Min m t&nMirmi&iTa.mtkm&A'mm . 

f£ ,HattaC 1980),»»#&*!»SB 0 *» (■£» 

(Hi®-T-^lft )W 7—t ®-?415. 

/(x, x )^i te I^SS[,'b»^m^IEM^(RC).4' w>0 

Minimize uv * 3r 

T 


/(i,z}£v -0- t-S=Q 

x^l/w ,y; z)>0 ft? A (1 ( us;y; z) >0 ittfKjft tfr 

C°(t£j, y; s:) = w-J:°(t£r f jy; s) jSfnfla&'E'fe w y 




— -t _0 


IJ 


_ T^O 


m = 1 &# z £t*m, 


/-h£7 Y 


“n5T,>& 




Minimize to * j: + rz 

T-Z 


fix, z)^y, x’-^O M- ~s£0 

-^x J (w,r,jy)>0^P z J ( w,r ,;y) >0 J^lttr^MfHj 1 ®— , A 1 ( iv, r,y)^k±j 

0 C l = tv>x 1 (zv,r f y) + rz l (w ,r, y ). C'& 

dx\/3r ~dz l /3 tv- ,3z l /3y = DX 1 /3 r, i = 1 ,2 ,'", n (52a) 


dxJ/dw^O, i = 1,2, ■■■, n ,3z' /dr^O (52b) 

WTteTWI#®! LeS M W\ ^ 77# M _7: [ 461 

x)( w, r ,>)=X;[ tw,y ; a^f w, r, ^)], i = 1,2,-” , w (53a) 




► 72/ 





A E ( W, r , 3') = [ W , .y; z 1 ( w, r, y ) 


(53b) 


122 


wna, (53a)M n&m*P z ,zV,r, y)ftA&Mmm *? mf. 

& 

dx]/d-w i = 3x 0 i /d'w l ■+ (djr, 0 l A')z)(dz 1 /3-w i ), i = 1,2,-” , n (54a) 
3^/3y = 3k 0 /3y + (3X 0 /3z)(3z l /3y) (54b) 

)k(.52a)M$.dz 1 /3w, - 3x]/dr. 3|S-^ . &)£& (53a)3.r{/<?r=(3.r°/ 32: )' 

<<V/3r),^fJTO¥(54a)^ 

= 3x\/B-w l + {3 x®/3 z) 1 {3 z 1 S3 r) , i = 1 ,2, "•, n 

, afn 


3 x\/3wi^d x^/d-w-X^)) , i = 1 ,2, -■-, n (56) 

ZrM^&M.n&{tth),d\ i /dr={dX*/dz){dz i /dr)M\n^®Ln{54b)% 

dX l /dy = aAVaj + (3A a /dz) 2 {dz l /dr) 

166 f^£<52b),7*V;>r^0,gP£$TO# 

3X'/3y^dX°/3y (57) 

(56 mrnm^: 


O OMC'/ay<3MC Q /3y (58) 

% w { mx\ 

3MC 1 ^=3MC°£.y+(«&^)^0 

=w/3z) 2 {3z i /a r ) , 

y ft p = MC 

^asKjsJt^^ aj si® , ( 57 ) ma 


3 y 1 /3 p^t) y® /3 p (59) 

$P^■$;(l 1 i)P_t Hlf5l^fitf Samiielson 1E51U^(4-(Samuelson 1947,68 (5), 






sij a , 


dx*/du>, <0, dx\/dtVi <0,3 e V3r <0,1 



fefttPf W , (55), (57)*I(58)|6^»J®^ 

dx)/diui'Cdx®/d’Wt'CO, i ~ 1,2, •" , n (55 ) 

0 OMC l /3yOMC?/3y (57') 


Jt6? 


3y l /3p>3y a /dp>0 


(58') 


A£^(55),(57),(58M55'),(5r)fn(58')M7gi!uNMltt LeSH^J-A 


Hattfl(1980 fa 1987)#$“ifciS SST-MT LeS^ife. 


ti w Les STfe(jp3x t -/a TOl -) . ^,<a*e^in^n i . £ 

rim ,®wiii)iiB #« ibtff &*&si a 

LeS££ifc,SP( 3 A L /3y) , (57)#1(58). 


^ ,nnist%. zetc.x&Mmfe 

j£#RT: 4 z* = ( Zj ,z 2 ,'", Zj), Z(jj = (z J + 1 , , z m ), 1* = ( Ti, "‘, rj)fn 
r (i) = ( r i + l > “‘ S£ m . M#&, z = (z 1 , Z( s ) )fff r = ( r 1 , r*( s )). 

^len^wTa/hftisjje: 


Minimize it) * x+ r^z 1 




/(x, z)s£;y ,xs£;0 JL r'jSO 


4" i ! (w l r,y;*( I )) i fl | 



0 ^17 (to, ^ , y, Z( lS )) = W‘x/ s ( * ) + r 1 • 

^coj&m z (l) Miiti«]a:.^A,(c j + r Cj) ‘z (l) )^^/Ke,EA.^inRny 
( m -j+D^SUil^lEJtiai^.H^rBirW^JE^WAWS * 4Kl^£ 





a #n c to 

,K;fn7TOS 






P)T 3 ^ 


.* # *at j? &m & m= # 


► J2J 





168 


d(?/dw i = 3 f it 3C?/3r i =e kt dC/dy = V 


124 


169 


it mm 

3^ k /3-w i = 3x)/3r k ,3^ k /3r ) — d z) /3 r k (59a) 


dzl/dy^dr/dr* 

4(53)*fj£,X^ i = l ) 2,- ll .ftl^i»,®rKBJfiS:: 

^[«',i J ,j;z( i} ]=i, {s " 1) [«!,r fl ,>iz ! (.) ) z (l }] 

^[w, r s , 3 ';z( J )]^s J ; _1 [ ztsr 1 " 1 ,y-, z s (-),£(.,)] 

,yi 2 (j )]=A i_ y \_-w, r* 1 ,y; z i (-),z( !;) ] 


(59b) 


[481 


(60a) 

(60b) 

(60c) 


z { (*)—z([ r\y, Z(jj]. (60a)^T vu; (&;$)■, #t( 60 b) r } 

Xij‘(60c)^ : f y ^ i = 1,2,'" , n ffl 1 Ss.Sg/H > 


d X s ;/d Wj = d X s ; l /t?Z s +(dx S , 1 /3 Z s ) ( 3 zl /3 ZUj ) 


j -i 


3z)/3rj = 3sf } 1 /3r s + (<?z* ~ 1 /3z s ) (3z s s /3r ) 


-i 


3 A * My = 3*T- 1 /d y + (3X ''- 1 /a Zj ) (3 ) 

M r ^ljm(59 & ) ,(60a) ,(60b)*fl(60c) ,SM54,*f , 

dz*/diu, — 3x)/3r s — (3x)~ 1 /3z s ) {3^/3^) , i = 1,2, ■■■, « 
3*J/3r jF = 3z;/Jr = (3 Z * J - 1 /3 a : I )(a 2 ;/)r f ) f >=l,2,- > J-l 

34/3y = 3\]/3 r 5 = (dr- 1 /3z s ) (3*J/3 r 4 ) 

= fJa:* - 1 /rhi>i + (^^r', _1 /9a:,) 2 (<?^/3r s ), i = 1,2, , n 


(61a) 

(61b) 

(61c) 


ax s /3y = 3\ s - 1 /dy+ /dz s ) 2 {3 z s /dr s ) 

/3 it’, 223:r }/<? w* ’ * ■ s2;3 x] n S3 w,, i = 1,2,-". rc 

,j = l,2,-*-,jr — 1,1 < iSj/w 


(62a) 

(62b) 

(62c) 








(63) 


0< 3 //3 p<^a y l /a p<,‘ £ r ?y n /a p 

Samuelson ,^'t .if = 0,1,2,---, m , 


3x\ /3 iv, *C 0, £ — 1 ,2, “ ■, n 

3z s k /3r k < 0, k = 1,2, , s (59^b) 

SP^(62)«(63)^»ill3S*/ 

0’>3x^/3w i ’>3xf/3w ,->■■■ >3jr™/r3it),, i = 1,2,"*, m (62'a) 

JTO 0>3^ _1 /3r,>3^/ar,J = l 1 2,"‘,j-l,l<j<m (62'b) 

3MC°/3j ! >3MC 1 /^>->3MC v ' , /3y>0 (62'c) 

0 <dy* /dp<dy l /3p<--Oy n /3p (63') 


(62 J a)^U(62'c)W^(63')lK]^M#PTW-Lj(55') ) (57')^(58')^fe(W^ 

^tbKMm^SLtM- [49] 0JSm,(62 / )fn(63')^^7^^(5S / ) f (5r)^ 
(58')(K)0^ LeSigKUW-Jftft. 

±m&m »<*)£ 

p=Cpi.‘“. 

p' = (pi > •"» ^t,) = (A + i» "'» p n )■ x = 

(■rS^,))^ 1 ,)# ^>££M X s = (^1, — , Xj) ,i (l ) - (^ + i,---,T a ).)S ! J^1n#t§^ 

@ j*,® 

Minimize p**3? 

u(^)^u iL.r ^0 

*< Jilt Poliak(1969,63 jfi) 

JgffW: 

1f£-|SbMu2 ^ t t^.” 

171 ^y(//, U ;-r ( , ) )>0^±)iN®W--^,^A s (y, u; ^ (s) )^^«^ 

w m 0 *». a &, n js^mm , r+p a ^m mm& ± ^ nr 

mim iHids^s/j vftiin] . sp ^ i bp ^ s %* (62) *i (63 > ft *t & w ^ 

M.^J3!lilfe,M.(62b).ScfflWai 

Q'^d£ i - l /dp>3x]/3p it i = \,l,-,s-lA<s^n (64) 

SP'^iiit*r7(64) ) i Pollak(l969)?#5)j^ LeS£iifc,&MM£ 5= n-4 

Samuelson , (64)^jlP3S^ 


#■ 3 # 


► 125 





, s - 1, IX sSSn 


0>3jcr X ftpi >3^/3 p,,i = 1,2,- 
mm , PoUak( 1969) 4 1 -#. s = B . «mBl 


(64') 


0>3^ -1 /9p 1 >3x?/3p it i=l,2,-,n-l (64") 

«®8ina»8fe#7±i£^£j te wffi*s!i&M---jR3!ii«iLe 

Chatelier - Samuelson £pt£;. '■ 51 -'X i j'j^flf£l*)il|''ife , jil Anderson - Takayama(1991). 


► & 3 S 


(2)#*a#ws##s#i3]fi,is# j=,ft 

Maximize u(x) 

p'x'Ss y JL jSO 

u[x(p, Y)]£tojiJijfeMISI&#tf TW 

1 72 Houthakker W : 

U(p,Y) = tc t {pi/Y)-«‘ 

in l 




(3t//3^)/(3l7/9Y)= -a- f = l,2,-,n 

T 

ffigma as®*# 

x i (p,Y) = [p i { fr/YV'M ± A (A-/Y) “ *< ] 

I — 1 

&M y^-d + fl,). 

(ii) ^ t^=AVy(i = 1.2,-,n),^S*mfi»^f^ 

U(£, Y) = Hv)=^{vi ,v 2 ,"• ,v n ) 

afi^fj^risijii u{p t Y)&pm Yitfe^iscJFtftte.^ 0 <p>=i/*(to, 

fiEB 


I2tf ► 








, i - ,n 

i = 1 

0, = dsp/dv, , 6P X- <J>' /(<p' ■ v) . 

H: Houthakker 6^ fa *t$fcfa] Houthakker (1960 ) t t I T ^ !l • *4 

178 AitfrMft Roy A isi^.0 -|^iL Bemdt - 

Darrough - Diewertf 1977) fp Christensen - Jorgenson - Lau (1975) •f* ?1 d] £■) tt 

% 

1 

tf>(v) = a Q + iir.logt/,- + tT Ui&logtJjlogt/, 

i Z p ; 

# w & n , & *r va Akii - iwj *at m a & w al & t * * * & a a 

x(p, Y). ^HL "TA Bemdt - Darrough - Diewert (1977) 

Christensen - Jorgenson - Lau( 1975 ) *f* $j, S 1 ]. 


Bemdt,E. R. ,M. N.Darrough,and W. E. Diewert. 1977. “Flexible Functional 
Forms and Expenditure Distribution; An Application to Canadian Consumer 
Demand Functions. "International Economic Review 18,October;651 -675. 

Christensen, L. R. , D. W. Jorgenson, and L. J. Lau. 1975. “Transcendental 
Logarithmic Utility Functions. ”American Economic Review 65,June:367 - 383. 

Houthakker, H. S. i960. “Additive Preferences. ” Econometrica 28, April; 
244 - 257. 

Minimize W’X 


/(r)>01r>0 

M '+ /(X )*ip£ j^g®, 3- M&m?* ifi W S MIH#*. ^ X ( w , y m 

, ^KlfKlfl'ffcSA(p]M, C(vu,y) - 

; SP x= (x 1 ,x 2 ).'$ r ro = (wi_, w 2 )M1Z IKS 

. r . nr WL . 4.. > t HI. txr in' r CJL. s i if . 


C(w,y)^vf 1 wi~ a /,0<a<\ t ^>0 (1) 

(o as Shephard 

f(x)=(Aa J1 1 x 1 2 -' i yP,&& A^a~“(l- a y~ l 


#3* 


*£ & SF # M m 


► 127 


m 




Shepherd 

4M- 'I 1 fS A -w= w ! /to 2 - 

(ii) S § = 1. ti M §1X't_tM&tU$j^£® $St (1) JE$t Ji Shephard - Samuelson 

£flMP 

dC fey = C ly= A (w ,y) ,J13A fey = 0 

&M.SfnHIiS—T = A . 

(4) fiflSMttiSd ft 

m(jt, ,x z ) = alog-r, + /3 \ogx 2 (2) 

<* p lXl + p 2 x 2 <y 

mm&Mx i^o,x 2 >o rffi« pi $Mi ttc*=i,2)jflfawffrj|&. 

Y=iKA,Sfip 1 ,A! w 

rP, bp^e x=uei? 2 :x>o,i-i,2|±. 

(0 

Pf. u*&$\ A# . 

X! >o Ji x 2 >o. #U-.ME9S x x , x 2 >o( m A JSJiM£$ 
(Hi) itE®i:Mt#?J^(FOC)A=tT^MSAmjt?E^'S&<J. 

: E7 & Arrow - Hurwicz - Uzawa 4° Arrow — Enthoven . 

(iv) 


175 


(3a) 


x 2 (p,Y)- a + g ^ 

(3b) 


Up,Y) = ^ 

(3c) 




dx\/dpi = dxi/3pi = d\/dpi = d\/dp2 =0 
(v) Hicks “ Slutsky jfffl-Hfc 
9 x, fe p ; = S t) — x } 3x t /r)Y 

& s=[ %]&&&&&!&&ft&M. 

(a) Hcks - Slutsky )6f S i} , * ,j = 1, 2( $ci£ p Vi p 2 ^0 

Y). 

(b) iEW s n <o,s 22 <o.*jffl¥ft£&&itt 

^Jt,W#kEW S^ft5£flf|. 

128 




ft ip: A it W S ftfcrt.itiHTtfJEff A A-f 


176 


~ 1 /p\ ]fplfl2 
A = 

lfp\p2 ~ 1/^2- 

(c) 


■Su 

S 12 I 


m pr 


0’ 

' ^2L 

^22 ' 


- ^2 ■ 


-0- 


(d) L/tp, Y) = tf [ J (/i, y)].iiEfflHW(5|«tt 

£/<£, Y) rTW: 

U(p,Y) = A+afoR^* plog^ (4) 

Pi Pa 

&M 

(vi) «ffi(4)»(3),ffiW 

3t7/9Y=A,a[7/3ft= -Ai ( ,i' = 1,2 (5) 

ife Roy^^^, 

d U/Opi + xfiU/a Y= 0, i = 1,2 

Minimize w ■ j; 


/( x )s£ ;y , ar^O T x £ i?" 

x,/,(x)=3/(j)/ 

3x, >0,! = 1,2, - ( « . W : 


If 


, = A/Xjt),! = 1,2,"’ ,*,/(x) = 3- 


n + 1 ''hfiil, Xj(w,y),i = l,2,*“,n fiJA(w,y).®®C 

A(a;,;y)Mfl§&;iiyi^*tf1lfcW. & C(tu,,y) = a).x(u),3r}^#/J 1 ' 

G) w/(x)0DM»,r4 c(^^)RTffl“Rr^”Ki0^ 
ft 


#' 3 *'" ■$&*%&*r#stm 


► J29 





C(w,y) = h(w)0(y) 


(6) 


m 


fix)&f 0 C( w ,0) =0 K 0(0) = 

0. 

Cm) MM 

^^3Dfcjt:W,Min* i ^),x i {-w,y)/x y ivu, 

yM^Lft y- 

(a) AiE«(6)iC.,^*i£ , !BaCC/#)^ = 0 ( *C3f;/33F)-C#'/# = 0(Aft- 

A?). WL£,3C/dy = A , *P & * #i£« C*V* = A. A ilfc, H 

JUt#*tA£: 

C~ Su)fr= (A/^')S^,- - A^/^' 
ila g,-=3g/d.z,. 

(b) GOtt^r’^-z-iWOT#. (ii)W“S"^^±&*ac/3;y = 

h{ w)4>' (,y)^f£ A C = h (•&)$( y).(% ft &'!),$*& tv 0 &] y ft z 

fcftBCi iv, z) = h( hj)^' ( C( , w T y) = h(-w)$(y). . 

(c) /Ci)A'&'fa«,^&3(x i /r J )/33; = 0. A*,®* 

C= A*,£JLft.£ JL+JJU Shephard ?|«. 


>±: 

(a) 


178 


(6)%*dE«/Jvfk|q« t iSS x={ xi ,x 2 ),m 


Minimize w * x 

n%mik 

f(x)>y,x^ 0 

& x, >o{ i = i ,2)&£«ifc /U) = *. (**)&/**«»£ 


- Mi * a _ = *£i ft fl =M , : - 




(7) 







x t (w,y) = h i (w)Hy) 


( 8 ) 


179 




~~r(x u dw 1 + x u dzv 2 ) -^r(x 2 idvu l + x n dw 2 ) 

■Z *L{ X2 


(9) 


$ z — x j — X 21 i£J£- z=^dz/z, . 

(ii) M(9)W*f-ft 

z~ ~ <nv ,SM w=zv\ / iv 2 H a l2 — $ 21 — <? 
4tiS :133ft —T,* x(tv,y)& u> 

X i2 IVi + X i2 U!2 = 0, i — 1,2 

|s|# f i£^ = ^ l -^ 2) ^M0j e^e z =\. 


(10) 




(7) 4^*bB& cU.ytiTWSM: 


n 


\ogC{iv, ;y) - a 0 + S(2,logxu ; 


1"1 


+- — 


1 ^ 


^SSa.jlcgWibgujj + S b, logw, logv 

Lr * = lj = l J f =l 


-I- 


1 


c 1 log;y + -^rczikgy) 




A 


2a,- - 1,2a„ — 0,26,- = 0, a lf = a 

t=t j=i v 1=1 ■* 


(id 


( 12 ) 





a 

di = a, + 2)a t jbgWj + &;log;y 

00 HTmm ; 

*t i=j,tfs = (an -8i + 8\ )/8} 


(13) 


(Ha) 

(14b) 


: 


ms* 


► 131 
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(a) , u=iogy. C(w, y) C{(?' f ••*, 

e*',e u )=C*(z,u), 


\ogC* (z , u } - a 0 + Stf,-2r, + + q« + -™e 2 w 2 (11') 


1 


At 


C * ( x, u ) = C( , * * •, eS 



- Cf-Etfj ,U? 2 ,-",W n ,y) 


iiS^n iilfe cfe, = <iw, /-if,-, @ jit d-Wi/dzi = w,. # & *f A. ii „4$, Al T Jit SBL 

JMi 


aiogC* ^ l ?c^ = i_ aci 

3*i c* 3z ; c a*i 

X <hvi X 3C 
C 3it r C^ 1 3 uj ; 1 

TTSJ* -■T Shepherd $}m.tfT%&£&,tk&&3(a*z)/az i = 

at,&& ® ft-T—*£ tf) Mfr&A.. A 

Q(s) = j'Ar^SEa,^ 

4MnA 


(b) Atf*(ii),#(ll)j&**iJ 

„..- ^togCCie, y) _ 1 dwj rllpgC 

,Jr 3 log *£),(? log Ttlj SlpgWj d/ogW; <1 «>,- 

3 , 3C, _3_,w; <jC x 

3logW; C 3tCJ ; (ilogTLFj dutj C dw, 

m£®m Shephard?) «*> 

1 ^ 

^ 3 1V } X; 

i±:^(13)T^^^{12)Tjtj±t]ffl Zellnertf A ^ tt £ # ^ !>3 

1S1 Sr*tt*t n I> 1 T34itt]ffl(14)^il-A^^#'R^ Allen 

tt #'l± - 

d = i,c 2 = o uMtfrt#) i,fr f =o. 

iijOUEM.) 


JJ2 ► 






► a * 


[ 1 ] fUMttifciffi 6 Takayama( 1985,159- 168 '£). /SL^pjK7 
® tk&ft & ^ W Hicks - Samuclson Jffl & ft , 'EM £ M ft % K. 

«£&#£ Bj lit Wife 
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K + pc = -wf..l&. e(p,zv)^i* (q) q=xu/ 

P.i±MMmix{p t w ),^f.HiSrfa aP,w) , m\4i 


d£* /dq= -mj(s 22 + ?0.r/dY)/q (35) 

M m $ w™ ( ox/o y< o), m & % «& * & iic ±m#h m v 

ip] him mm mm %&&&m m % m & (35) # 0. u, hp 


S22 + /3.r/3Y<t) (36) 



C CPJ7XY-, 
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3c£# iiti am. mfa w, & jfcis m * ( 30 )+m * ^ a s fa m ^ si fa js % 


4.4.2 


ft 4.4. l 7 1 , &fl;HR£ J9f ft A* U . Mft £ftj 31A -IE T- Ti (ft A. £ 

Ay AftMftM Jlt^X®i|fiA,ft&£ffiIi^(27)^»@C^^ 

pc + vl't'^lwci + />.V(^ V) ( 27 ") 

ft«j4i<2r),f->o, u >o*n .r>0 

ft.M£ftMM£t c>0ila>:r>0([*j3|l#).f flft l^£M$(nj'57ft 

r - ( (p,iv,Y) -• c ( p, tv , v) ( 28 'a) 


t, ~ t ( p , w , Y) — s. (p , it’ , y ) (28 V) 

ft ,-¥ K Hicks-Slutsky ft A(29)ft, ftft IftAlOiillftA . fa® 7''= wa + 

Av, sn X ift rh (28b) ft (29b)ft £i] ( 31 ). 

ft p . if, >0 — U - .T (p , iu , y) (32') 

MEftftftftftft AftA ft ft aft. (36)Mft. ajj ft 

[ft® 4.4] ft§fjfti^«fa hfflM££&fE&(36)£tU,ip 


.'22 + Aftft V < 0 


ft'&£■£:&* Sritovsky 

(1951,1? 5 ^);Henderson fa Quandt(1980,24 ~25 15 ) ;Musgravftl959, % 11 
"A); Layard fa Walters( 1978,304 ■ 310 15 ); Deaton fa Muellhauer(1980, % 11 
A )60 $kfar fa 'E 81 ftuDft Hanoch (1965); Ashen fel ter fa Heckman( 1974); Abbott 
fa AshenfelterC 1976) 6-J ft jlklift ft :Aft ^ tb Mr-f ftft. Ashenfelter fa Heckman 
(1974 ) t2 7b Abbott fa Ashenfelter( 1976) Hicks-Slut sky ft A ft S3 ft 7 

* a*. ft JLiAft 7 & *£..& W ifl 4. Bat t alio. Green fa Kagel (1981) fa ffl ft fa # 
ftft 7 >KX—S) «.&#. kb in St$ 7 if 

sis ft ft ft ft t ^ * A. Morishimaf 1952}# Aft: fa Jfa « jf jfriffitfc 

i&n 7 ,ft lift,® 7 $A** 1*1 aft,i£ft & 7 4ft* *»#t 

f-, Hicks-Slutsky^ L A. J fS.A(X^ ; )JtA2^-^l4l4" ; ^’i^- 

f'A , ^ £ it fa « ^ it 5 & A—R * jfe ^ A. it‘ft « A, 
MoTishtma^^f^A^X— 

mT&&3$ma >p&*-(&&& ^ ^ 



Z 1 , ^ BattalLo,Green 4° Kagel( 1981 ) 

4* ft, 1 Beaton Mudlbauer ( 1980 ) 4$ & £ X ffi & ijr « # & 4± ** iS f 4t 

#ifr . Blinder( 1974 , % 3 ^ ) *»£* A-9f & T # Bf J& -If 3L t # 
^r—^ Killing sworth{!983). 


§4.5 ®*US«|*T»^tT* 


M £3 SF*^ 1 +■-X &¥■ Hit i£ ¥ ! " $3 M « M M (M m & 

j£-- ,n ^-^ifet§fltl Averch Johnson( 1962)£^itj ,^‘il 

+ Binger *11 Hoffman 1988, 

396—399 K). B 1 |*j 

ffl. 

ffl -'ME W E& Takayama(l969)ft:ai,^^ai±^Tferr(m#^ 

Averch-Johnson SfcBt'jS'; A-J Averrh *N Johnson Ait® 

m , m % J b' iXW m M T ft [ft ^ ig 5b *H ffi ^ # $ ft Takayama 

(1969)^1^^1^1, Averch *Q Johnson ft 0< A * < 1 #tl&, DPX A- 

It 181 

MS El-Hodiri m Takayama (1973 XX M 0< A * < 1, A-J && 

Mtf. WWiffl. Zajac( 1972) M * 7 H i£- A * # £ ft|H] jgfi, jffi Zajac 
(1970) A-J fcBzftffl tkft 'uEW 0<A * <1 MvEm A-J 

&J&.-S El-Hodiri m Takayama(1973)^I3i,^fl^^WilJl!llPifflt|JC^S» 
G(L,K)ft«. 

M Averch m Johnson(1962)aSKft-i A,A. 

F(0,0) = 0, F l =^F/3 L>0, F k =3F/JK >0 

X/>£XftftM,Xft p(y))isx^is»ii Z(n<o.^W 

Mill 

n =R(Y)-wL- rK (37) 

Ha H X n) Xgfr ft ft rn #sM, W X £ *J # 

y<F(/,,K) (38) 
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&gft4$b-&iA. - & ft## 




m Y>0,L^0,K>0^TM Y,LfflK,ia®'£W^(>r)^. 

k° > o). an nr urn- 

G l (L°, K °) = tx 1 , G k ( L°, K°) = r (39) 

Jt +, C; (L , K )=J? L F( L , K) 1, G l =3G/d L H. C*=3 G/3 K. itMft {Mfc 

nm Y^= F(L°,K 0 ).««t,^jS(38)6i^W^J&ato: 

Y = FU,J() (38') 


rn ^£(38 - 

&m39)£-Y»&Wi£$l!l,'£3^ 

ft m « m tm . a fi j m a , m at && c 39) *t tm vm * & a £ 

gu,^™, ie] ^^^ft(39)^^j j^mm- 
Kl j £if , ^jS^'jSfeJnii# W«J^+H it, $-£3EKrft tfcfiffl 

( R - -wL )/K<J, Kp - (R - wL - sK )>0 (40) 

Jffi&&KlMNM££(38)ffi(4«m.& Y>0,L>() jt ft 

*.4 Y* ,L' ,K*JiiSEHJIfiWjl¥ s #aiKK Y* >0, L ’ >0, R* >0.#ife|^ 

MM#&m -j 

k* + rK * £.vK * a JT* £ ( s r)K * 

v > r (41) 

^*MBE(41) . et»ei P bS«# 

^?=[R(y) wL - rK] + A [sK - R( Y) + mL] +//[F(L, K) ■ Yl 


215 n-B&mj 

(1 - A * )R'" = fi* 
p* F l ' = (1 - A * )tv 

A* t K - r as 

sK* ~ R* + il.L*^0 t A*(5K‘ R*+iuL*) = 0 
F(L *, K *)- Y*>0, P * [F(L*.K*)- y*J=0 


(42a) 

(42b) 

(42c) 

(42d) 

(42c) 


4T 4 # It^JKiS^ 1 *//& 
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r>oi/>o 


(42f) 


164 


^+,F L =aF/3L,F L *=F L (L* Y* ),fi‘ = K(y* ),^ 

( Y,L,K)W}W&&m r'> 

0, F l >0, JL F K >0. 

a^mwitirfi' 

//>010<A'<1 (43) 

fi* = 0.*^(42a) } $fm A* -l.*(42c), 
mm r-s = 0,a^(41)^')t-Sllfc/i'>0.|Hl#,5n#: A* =lj(!^[i(42 a ) 
p' = 0,i^,F >0 zm.mt A* > (42a), Kiri fi- 

/, * <0,j&X-!3 //* >0 A* < 1. A * ^0,^fJRffif&£/cV 

X\t®J^(4O)^W^^ ) [21: ^a(39)^1t-0.^^i-.Jn)|i A' =0,3(5 

d(42a)SS(42c)^* G,/ = w W G K « = i *% (39)^-#(tfl, 0]lfc K° = K * 

(*UL° = F*) 5 j^^FVK^®.Sllt,^ffJBM^.T(43).±®iI0^&<jO< 

A * < 1 tfifcri. Averch ffl Johnson &^( 1962 , 1056 ]ll) IfE^ 

^Tst^^^ti.El-Hodiri #T 2'akayama( 1973)ilEG Jc IH] (Hi, 


216 Mf*jffl(43),®jn^^(m(42 a )©j(42c)^T: |22] 

G l * = zv (44a) 

(1 - A * ) G K 11 - r - A * j (44b) 

sK*-G* + toL*=0 (44c) 

r=F(LM(*) (44d) 

(44a)?j(44c),B^Ffg&£7 L* ,K* ftl A 'M,&&«BXtii<44d)ife&T 
Y\&M,L* ,K*m A'JUs&fjflS#. 

*(44b ),mmn 

G k * ~r=V(G K * -s) (45) 


0* A* >0JP^(45)^l^.];fttil(G K * - r)W(G K * -s)*rffiN8Jft-£. Jp 
^ G K * - r>0! C** - s>0,8|S£ft(45)0<A* <1 M G K * - i > G K * - 

r,j£-£ r>.,^^(41)^®^].0«in-^ 12 ' 1 

G K *-r<0 J. Gr*- s<() (46) 

^llt1t«4 5 ! 0<A*<l,^a^^_f:(45)ffilli r<s,j£ft£(41>. 

#tfH44c> ,Mai*(44 a ) ,ara 

K’ =(G l ' - <»)*) + «V- 5 )^= <G k -- «)^ 

^fcws**** - 4? # # ■*■«js>-#> at-’ 




%11 




-^ir/(G s *- s )< 0 (47) 

mm A-jm !241 ft;*,&$!&tfj 

a-j &mi£HFj t, mm *r m wm m® m m . 

Ml . m A G l = R'F l R G k = R'F K , SHJ(44a)ft 

(A4b)ma 

Fl * / Fk * = tt'(l _ A * )/((— A * s ) A to /r (48) 

F.a#jgjJC Zajac 

(1970 mm 09. Zajac( 1970,120 M ) M ®tif feitL 

09 A 3 J£ A«3m M 3E& & ffi J& A - ” &Z., $Mi rmiTM 

mm. 

[frfi 4.5] 

m m & a# s « ^ a . && ^ a mmn a± #j j& a m a #. 

S/pAS iS- f Averch ft Johnson( 

## 0< A ' < 1 ,Averch ft Johnson & 

21# 2?(44b)£ 


G K * ■= r - a , A a= pp* A * 

& A s>rj_L0<A*<l,$; ffjfi o > 0. iUffij Averch ft Johnson, fl§ ‘M Gkk (^ 
3G A /7KX0.BEffitStWi8rffitl^Sfl'J G K = r Ra>Q,M& Averch ft Johnson 

,K-m. & . ft £®3C 

g k (l°,k q )= 

G k (L\K* ) = r — a. H Jft m fl nTW iiE m ^ L * - L°ftf, TEft Averch ft 
Johnson ™-#,a>0® if K* >K JMMTOtliM 

MlM A nr-ft® 4.9 

M.jf 0<A* <1 a>0,Hjfc r »&3I r-a. Averch ft 

mmi&m 4.9 tw ab g k iimirH* 

,JJP &=f 

fe&.tm g k r m r -« 

4.9 G k I&& 


# 4 *- 
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B)4,9 Averch-Johnson 

mm m- —i % ® w a -«m ^ ^ 4> w, s fn * mm a. t ® &<j it it «r 

Gj< ittl Averch Johnson jf— 

}± ; $r7 Takayama( 1969)#fffl A-t-ifi a /i W iSi 

^F/*4Averch #*> Johnson( 1962)^^#^ £ t^S ■ A'f" 

-s - A # i%-t£MA] # >4 

i|,Crew *• Kleindorfer( 1979 *> 1986); Averch(1987) ;Berg ^ Tschirhart(1988) 
>7A Westfield ( 1965 ), Kahn (1970) *> (1971 ), Stein *> Borts (1972 ) , Bailey 
(1973). 


§ 4.6 


n 



w *<*r## w B n B ( #m & m ) to £«r# - &r * to 

« *b, li^T* ft H-t Kffe : 

220 (a) D(^,t)BlBtlSI(f)tfe^. ItSPife p 

(ipffl 4.10Bff^). 

(b) ft in 

»K). 


J66 





(c) 4,10 4^/JsA OA). 

££, So %m Jffi (c), 3|5 

a® in m m w & $m =f . &, & m 

k WA«?i£SA7^oA,fflsA'Sffr£A 

^*w,ap^awi6^E^w“?Si»’’.iP#iaj f ajs«riig#&fi,sp4@Epijffi 
«( i&%, ),m%&W”n u « ^ *i $ n «[#-£/* 

m. ® s r^j m in -s. fa£- b a#uE r hi & w , rr la a w. 


£>(p, O 



a 4.10 

221 $&. , m&&**8i 

&i+-NJH#*i«fi5ffi|B|ffi. :26l «^® 

ft m %m -a £&w iI #j m m rt m # ifr« » m. ft &@ ft m . ^ n ^ nm * s 

M A, ft DtftKft^ft ,#_S.#« Bl£ tt$S-Aftf ft K m 

WfifflAM Takayama 1985,67t ~684 DO. 

4.6.2 -^fifija±ttfG3l©r#ffi1fJf£ 

>£0fft $ PSrt A^JMA. £Af& A($!tlfl, Steiner 1957; Williamson 1966)* 

mmm & m- m m , a a m ft rt w « a #*j ± & « 

a ma . te iniransi m ,ft&mm mh 

st ■ m m , » i?ifci«sa-«i. & *p. «n w s ft xmm km . mn jr#m 


M 4 # £7j5 


► l*7 








^^ffiiTrMitt;i]:mfi&S<]N^,^^flMX^fi^K^^NW,s!c^» 
ftWtmmt. I:MM%® NW, SMM ®IMII®ffl M . 

ms sjit,34.2^# 1 m^w i 

W,=C5 ; + TR, - TQ (49) 

WWW t,W ( - , CS £ = mTR' = &M, TC, = && 

a. mvknm, w nm # m m.% 


y t = D(p t ,t) (50) 

w y, &p t t mwaSitfretiL^tei 

m t, 3 D/3p t < 0, IMlSC^SO) % 

p r = p(y t ,t),n^3p/3 yi < 0 (51) 






CS, + TR, 


• y 

'p(y t ,t)dy t ^ F( Y t ,t) 


(52) 


m F/d Y 2 t = dp /3y t < 0 , m. F Jtt- T Y' £r&[M 65. 

#&&^Aitfc4 3 M#&5fli&($ji!n Steiner 1957;Williamson 1966) 

b 6Y t y, 



K,* = l,2 f -,T 


(53) 
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itssffiaatT# t *wjto^K,ip u *u y ( 

£|am®£65££ L t = fl y„as a JiW^diSfll^cMWSfiAini*.^ 

infej£ a Y ( 

W.4- wdi^KAm*|p]fi,ift(i«.a) Y t ft#&# t ftfW65&«$ 


*.IMHK£ w *05 m ±fuHi7*^±£@£65 (£ n * 
#)wms£W-t rn^ f iia r 

65«-JWW ( ftj&J®*® 


HC ( =(^.a)y t + rK 


mii-t^ (■49)ffl( 52) *, T -t W ft 65}±£ 

W( = 2W ( ) = 2[F(Y,,t)-(w.a)Y ( - rK] m] (54) 

1 = 1 1 = 1 

p t iWMM Y, 65ttMft£. (50) ftl (51),- 


168 ^ "jg»-»6? J> « 4.vt 





K«ff.^|'5]S^(^i±^^# Y t ,i = l,2,-,T,#I K W*ft>:fl:C54)^jC 

m w l ffi&'£p-ffcJj ra &5M(53) , Y >0 , t = 1 ,2, - , T, m 0. & k t % 

( 53 ) raw a a ®* % 

^=S[FCY,,*)-(wa)Y t - rKl + SA,(JC-6Y ( ) (55) 

/ - 1 t ~ 1 

n 

y, > 0 . i - 1 , 2 , »•, r a k > 0 ), [H1 -fifr&fTB7#£ Jfc*f ft 

d<P/dY' =[b\(Y r ,t)-(™.a)]- bk t = {),t = l,2,--,T (56a) 

33>/5K= - rT+- SA ( = 0 (56b) 

(= L 

iY t ^K,A,(X-6Y ( )=0,A I >0 1 e = l,2 T — ,'l' (56c) 

£:rfr Fv -=3 F/3 Y,, P9 *T f*l jfc (53 ) *t T K ffl Y t S &M 2.3 

(Arrow-Hurwicz- Uzawa £S) - 0^Sf( F 

W Da^ffiT*tit*? (56a) S1J (56c) ffl T Sift ft 


M^K^Y,,^ A, = 0.ftft88B*UK A, J&£fi( 

mm, mmmi 


p(Y t , t ) = tf*a + \jh (57) 

^ t w#{m56b),sm*m 

2/>(Y I ,t) = ('cy*a + 6r)T (58) 

1 — 1 

- % - wtituik* 

m\mmm ,bp t, y = tmt a Y*m~d )#n± 

fi(S K* =6Y*-^ t Y‘ 

2^C Y* 7 t) = (-w-a + frr)T (59) 

f-r 
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04 0 &&&&&& 





(60a) 

(60b) 


3tf teT 1 ,^(y„e) = Pi(Y,) 

%U€T 2 ,p(Y f ,t) = P 2 (Y 1 ) 

St.Tj W T,UT 2 = tl,2,-,rl. 

teSfcJ&fc**## 7\ Biffin T 2 

i'.\4 r, *a t 2 mmsm* ri m z 2 ^m,M^nm^(59)% 

T[Pi( Y * ) + r 2 P 2 ( Y* ) — {iu • a + br)T (61) 


p l = P l {Y*) > t£T l ',p 2 = P 2 (Y'),t£T 1 


(62) 


226 


M(6U,® 4.11 imi VWStt^-a-^SteinerC 1957,588 30 

%\m t , saw; w. a s# a 4. 1 1 *, &vtr- * & * 

iGA.Y, J^£W(i*iC 

r) m £ a^)ifiii Jt=&* ^ r *b& 

^f € A, bY t <K , BP, #*B'tM( t $ A), Ji 

.TO(S**ia*ad‘S9Sf^i:“-K , ’).^^«'fllia+,M.(57)®OT^ 


p t — W - a y t$A 


(63) 


P,^p{Y„t)fm^. 
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S4.ll 

t$A w»,fema'ttes:,®flj«rjS:(58)* 

S[MY.t)-w«] = W lal 

/€ A 


170 


► 




(64) 




p(Y t ,t) = P 3 (Y),t€A & p(Y',t) = l>4(Y),t$A 


(65) 


S « Si A TOttfflSStEI .JGy?JcCKS' I f (64)>j 

ttP 3 ( Y) = (u»-a )a + brT P 3 ( Y) = (w-a) + 6rT /a (66) 

B&Xt t€ A, Y, = y. 4.12 

Steiner( 1957,588 M St JO WiUiamson(1966)^ ; FJ9fll3 



® 4.12 


n t = p L Y t - (-w ■ £i) Y ( ~ rK — ( p t — w- a) Y t — rK 

= XJiY, - rK 

^(='tn t )=hx t bY,- r KT (67) 

(- I 1-1 

*, y, = 

Y* = K* /6 s Hjfe3fi£tIaIti(56b), (67)Brtt¥ft=* 

x^^AtK* - rK* T= rTK * - rK * T = 0 

l=\ 

^#,^((1^ JT = 0. 

A t ^0.BP&(67W&^3& 


ff = »A,6Y- rKT= K EA, - rKT 


if A 


it A 


= K S A, - rKT = KrT - rKT = 0 

f “ J 


im , j x:*r *=o. & w#it m si) a w -1 1 i*, *n & & *j e<j jt ^ ® ® & & 

► 77J 


#■4^ ’Pito-KmfiM 







K=b?&'£, mmt ^ u>. a ).&&m 


229 %$b, 

TC(^£ TC t ) = £ [ (iv-a ) Y ( + rK ] = S( w a ) Y t + rKT 

t=l f=l f=l 

* *ftfeJL, Mfcii* n ft t t ,£ifc+M* t £££;* ft ^ 

t ( Y,= Y'iLK* = 6Y* M.&iU^3§ 

'K;=(tw.«+ 6r)Y*T 

iMfr 3C T tt &/* i*i XA 

X=XY t =Y* T 

(=1 

aA«(u/. a + 6r)-^ 

MC = it; - a + 6r 

ft, 4* /> 

1 J 

/j=^ 2*, = w-a + hr (68) 

i ( = i 

iift: ,^i:Sr^itTfe-^-|f^rdi^.l^j^^^- J ffr^i5 | ]^ti‘^^M‘l' li ] 1*5 

A = /»C Y ( )nt.£ J ittfr#'f’.*UtffN* 

p t = iv-a + frr ,t = 1,2,-", T (69) 

ftt (^ • & + Ar ) X. — <fc^L , nt i& PS ^ ^. 


/72 t. 

r eSFfi^^iS- ■ frtirJrti: 




4 . 6.3 


sra mm 't 1 . mm a m\ £ & m te & (54) m x m 
m s x m &± . m *b, asflrar m ^ -si& wra ^, m\ m m . 

mm y c = d( fit,t) ,sfn?TMi t 

?r t — (fit ~ W’u)D(p,,t) ~ rK 

Pi,-,f> t fllK,4J(>iD(A,(),p>0,f = 1,2,-, 

T jft K>0 

Maximize jt(=3t ( ) = [2(/>j ~ w-a)D(p it t) - rK] (70) 

t~ 1 

S'MHIMWftft&l H 

1Ps=2[(p,-to.a)D(A,£)-rK] + 2 A ; ( K - 6Y t ) (71) 

j! ' 1 f- 1 

p t >o, t = i, 2 , ••*, t, m. k>o) 

* )■ -Bfr&f+RTS?# 

dW/dp t ~[D(p t ,t) + {fit ~ -W‘a)D p ]- bkP p = 0,J = 1,2, •••, T 

(72a) 

3i?/aK = rT- 22 = 0 (72b) 

f=l 

K>mp c ,t),l c [K-bD(p Cf t)}^0,*>0 t t = l,2,-",T (72c) 

221 St^=7D(A.O/7A. [33] m 


( _ 1)A = 7 £ (iu*a + A,6),r = l,2,-*-,T (72'a) 

t rV( >l.Mfex h = % /{ % - n.sM. e,= e (A,t).ap = ( 
fdi wss».n#,* 

ei >l,t = 1.2,-,T (73) 

M£ M (72'aM&^ 

p t — £, (if • a + Aj 6 ) ( 74 ) 

0* e ( >l,*(74)#jtj 

/> f _, ttf*cii>& _ e ( (TO*a) : = £,2(6^0, t = 1,2, , T (75) 
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#4jt 




282 


288 


«7iMSinT: 


j^7c t — ^[(p £ — iv-a)D - rK] 

i = I /=l 

t " t 
7 


>^(X t bD~rK) 


f"1 


T 


= EXfiD- Ea,k 

? - 1 i-1 

T 


- Da, (bD - K) = 0 

f = 1 


(76) 

r*(75)] 
(S*^>0 

[ Etr (72b)] 
[fb(72c)] 




D(p t ,i) = Ht)p t * 


7 >1 B't 7 

/O.&MWMT: 


■>^1 

# 


(77) 

,W&±&M&aS 

-%mmm e 


r 

VJ 
:= 1 


T 


D[( P; - zt-• (I )D - rK] 

? = l 

(76') 

— ]C i[(e - l)w'fl + A(6]D - rFCj 
? -1 

[*(74)) 

= T(e-l)w-a+ D(A^D-A,K) 

t - 1 

[*(72b>] 

= T{ e — 1 }tu- a 

[ *(72c)] 


^ xt r- m &o ae* #&j@Ah 

ho^jw^oopm^io. 

. &#, m ** m&m , ^ 

t f£( = e(«). 1 

ffi-M n*$mm . mm , n if mm * (60 > & 

m wm-^a. mni 
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P 3 (K) — e [ (w ■« ) + hr I'/a 


( 66 ') 


U=fm 4.12 TOM. SttSEflhftn&ft 

p; = e [ ( to - a) + brT /a] , t £r A ; p, = e(w • a), l € A (78) 
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P 3 # Pa UPfaTM 
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c u mmm \m, n tit- 


ftig.'hlfU^T'C; 

m *$ at m && && s m to fa , *.rw> m r & , fim k *> w . 

4%.M»MEii(78)^tfp 


ii: * Ji * *, > JUfl m A *.*& s) 4*-*t ji. * M *$ jM St 

•£*],*F A'£#£)*it£« fa A#JU£flit.ii^ sT 

— T ^ it-rfer^-l Averch-Johnson St A. M 5J Pf 1°I S. &) it 

&•£&-#-& t - * ?'] 1H.& fi] &CI « &# (^* 4,6). it£ 

Boiteux (1949)4" Steiner (1957). it*> 

tU * *WJ«, A-ffi « £ fa&fa® it pi « « *£#, s A^Un Tiiii isfc £ 

lRi£#SiJ tt&ifr. -1- 31 « 

£^*6 «**##*£ 

Panzar (1976) + 4Ull *4 A £)* & 

4.12^). jt> Panzar (1976,521 jf ) J9pB£., “ 3 

#fSt ,4M/PtM %fa & ij A-Mt7 ;# A 

kfaiktf B +MX Jtft 7 £.*: tt t: <&” (ft £ Mohring 1970). fifr T i£- ■& , Dreze 
( 1964 ); 1'nrvey (1968); Littlechild (1970 ); Miehell, Manning fa Acton (1978 ) ; 
Sherman (1985) Wiseman (1987) A# 7 t fcW##. 
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&jb ,#ieg»rs® s. friitmm t, nrn a& *r iatiif^— m * 

:frteTfcr*-*^lE.|4Fr(Cbase f 196O)frf]-0®^WT£ 
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A Ttp Wf MS it ,-tf it it 4 ft- gc W j£A A^ A (ftfiAife 

(i i xtT'EM^m y, W£A«eS 

Y 1 = F 1 (L),F 1 (0) = 0,F 1 / >0,Fr<0 (79) 

£ntfi .K4 1 L, £'£ M&A( £ &), M£ *] 2 m-?■£ M A * y 2 m ± j* S 

* 1 f _HJ . 


Y 2 = F 2 (Y lJ L 2 ),F 2 (y 1 ,0) = 0 (80) 

OTAF 2 / 3 L 2 > 0 , 3 ?F 2 ^>/A< 0 , R 3 F 2 /3 YjCO, L 2 £-'b' Kt£[&& A(A 

^).Ri#M,iiSA3 i Mj*hu yj^aAmJ 2 ±^m&ama,ep 
3 ^/ 3 ^<o.^(79)^a y 2 =f 2 (y^J.iMra^J 

y 2 = F 2 [F l (L 1 ) f L 2 ]=F 2 (L ! ,L 2 ) (81) 

S+.F^L^O) = 0,3F 2 /7L 1 <0,3F 2 /3L 2 >0,3 2 F 2 /3L 2 2 <0. &g,3F 2 / 
3L i <0 f ^MS3F 3 /3Y 1 <0-^^Fl2^m^li: F, - [40] M(79) !fll{81), 

l, m l z m 

Maximize tiiFi(Li) + a 2 F 2 ( L|, L 2 ) 

L[ + L 2 ^L,L]^0 r lasu 


ft,( fl ,,a a )^o.®££StftfcSfc l,> o R L 2 >0( 

aiFi' fo 2 3F 2 /3L 1 = a 2 aF 2 /3I. 2 (82) 
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ff2 >o),M^ri§&£7 l, m l 2 «,/** m,m 

*w fii n m a wmbmtsk ft a. [ 43 - 1 & n- 182 ) s a % a a sm a a . mm %r> 

(82)^(^tW)«*#£iH**#. 

$ & & m A'A »] Ah ■A“ £ A" & i* £ 1 A, & it % ^ 1 A, rn tt A fH W ffr *g 

IlM AA*!£“:£ W ,#MA i: ,ftMn&S^M(pi, p 2 m ™)ftA^h 

A: tt#$c C44: ■ Jf), AM 5 b ( n- a #M hE $) & MM A 

*,/«, &&A^A ^//MT^ii-A, 
^■iSTiBWMiS.fe A£0_&L 2 S0^j&T ( $ t,fllL 2 £ftA&*IW& 
AMfiAffc, 


x(Li,L 2 )=PiF 1 (Li) + p 2 F 2 (Li ,L 2 ) - jv(L 1 + L 2 ) 

L 1 >0B.L 2 >O ( -^f f | ; *a 3 r/9L l =afl:/3L 2 = 0,^ 

PjF/ + ^F^L, = p2<iF 2 /^L 2 { = w) (84) 

*ta «,/« 2 =w«ft^ifc^(82). &^£&<i&-aar) 

& [4ij . Hut^n (84)jtx 

tt,K* aj/«2 ^7 [46] 

m fm ,« w & 1 *, # a A r) a & * m j* xm |5] fu fli s m is 1 “ *j 

arv ti , l 2 )^x-® .mjanAAflxt i a &m ■&&£ 

K.AkI 1 # L^^dWfljfiJl!^, 

jt 1 (L[)^ : />iF 1 (L 1 ) - zyLj 

ifnAn) 2 xt*fr£i#j z,, ft®,£ l 2 ^o®^#T,S# t 2 wsa^ft^. 
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(85) 
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jg££Sfjfcllifc L,> o,-M#rb 
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PiF\ ~ sp2^F 2 ^Fi = p2^F 2 /^L 2 


(92) 
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- spJF 2 £)L 2 = p 2 3F 2 a L,, BP * = - -JpioT 
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ri i . % m ^. m-t^ri 2 

(86) 

Li iL, f&Stt®. L 2 (£f-^&itt 

™/p 2 M),(&6)TOAf 


L 2 = F 2 (L 1 ) 
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(94) 


^2 (Fj)— piFil-Lt, L 2 (Fj)] ttiA^(Ai) 


(95) 
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ma(^ imm&) ^r] H?ihs«B4/^2 

ir 2 *(0)#£-^&Rl 1 ir/U,), 
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ri i» l, 
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(97) 
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(98) 



p 2 aF 2 /d l 2 - w = 0 

(99) 
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(100) 
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( 101 ) 

i #1**^** l? u wfiiis^is^wifea^ 

^•{^-^•(L?).#* Ly<Ll$ L° 1 

M^-s] i fk&mimm i &mv 
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p,F x (L,)--wL, + [^*(L l )- J r 2 ML^)] (102) 

/>j F/ - w + Jjt, * SdL\ = 0 (103) 

^(^^-^-[^(L^-Tr/a?)] (104) 
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piF^' + dn 2 * /dL { = p 2 dF 2 /dL 2 (106) 


* (ioi) 0 g v^l ,=/» 2 3f 2 /3l , , & *mnm (mmMm 

KM«#(82). 2*HU£rI 1 
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ij. m wms (mm m jd . ± m m 


4.8] £LMWSI£P&£ l K*ifc£&*l l XtMSftlfcCM A), 


&&& nj 2 mw% ft s ( to b ), i ^ t w w s tt e tt at E£t^ m raj w ^ t 


mr&m. 


- 1 —s£3?« MjsstMT. mw , ft-^ %& 

» ft - j&, K f] * il] 4.13 14& /ii T ft 9f £ S. L48J BB' M £6 3t m 
\~dn 2 (L^/dL^Ql&tRtp OA = Ll c 101} f ^2^ (/., )/^/., = 

p 2 ^F 2 ( L,, l 2 ) fdU <0. n^BB’ |H| & # OL l m -h ft. % it) It & JfiL, US £ 

^V/(L 1 )/^L 1 2 <0. L49 -S|5^ BB'Mfr l jm.M4.13 * AE 


0 &&n) l £JfJfH)#5&*#ctt,'&Eii&i?l l MM*] 

jfcTWMIUtfttfeyt.liPtil piFid, 0 ) - W tk&.fti /ft id JiB'&StfilAE 

ffi^ta^2fcs£W l, W.14,3 l, = l; 


Pi F,' - zv- - p 2 ?F 2 &L \, E it, p\ F]' + p 2 ^Fz ^Li — w 




dj? 2 (£/] )idil-i\ 


H1Z(84),ffifnBJliti:l£iJ*jti:#ia^ife,l!|i ift l, ^ 

ft ft m^. Lf 1 fft*lJifi||«7=M ACD «®c#,[fti^ 

m 2 fl^IMKI*! 4.13 ABCD ABC ft ft 


[*■ 2 * cl,* ) - v ob'cd i l ; 

oecd ffiatM'-H l ! - l r 

~-:%m b'ce mm.mmnrt'/jzmi hM ® im ® ft mms 

ft a ft ra# /ft n-, m£di i 

JgfcMft*[jr 2 * (LT ) - *ft (ft)], ft® 4.13 ABCOm 
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m, Min, (i )&TtI iHift A A R&ffi % $'3? % p*, ( 2 ) MA A n IP£8i«[£r 3E 
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«K20)ttA.© 
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M ^=7 n r 1 + (l-a-) ff2 .H^3!5.1 

;xi ,x 2 ) — {p\b, -w) 

4“ y = ( nr'; .r /, x 2 ') V, M. f X.OSff'Sl. 3t 0 fltj 1ST 

3*, £t "7#$ 

y ' ■= (?r'; x ,', x 2 ') ~ ( p ’; b , w) 

#<4 SM =JrVy + (1 “ S ) JT 2 r ,OS JT / , x{ , 7T 3 S3 - 

(p\b ,-w)^{p'‘,b ,-w), P=P 

y^y , p^p' 

a,®# 

^[w(^)]^E[ a(.y')], ^JL'fX. ^ P^p' (8) 

« (w) = 0, w (6 ) = 1 

m(x'i) = n - !, u (.z 2 ) = 7Z2,u(xi ) = iz{ , u(x {) = 7p/ 

E[w(y)] = jm(:t|) + (l — Jr)u(x 2 ) = 5 n T| + (l — n)K 2 = p 


E[ w(y ). 
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s >2wm 

31. 0£¥~) 

KfHPff &5S 5. 1 ^ Wf # EO ® $£ W h von Neumann - Morgenstam & 

s 

)C? T;H ,{•*<) 

a = ] 

‘MM5 .l 69 

*65 Bacharach(l977 t 26'28 K).^a5,l 69tt®(i)fll 

st 

, nm mra & s . 1 69<o a go *m 5 . 3 . j9 mt a:® , m 

/£ a~Z ^ X = (.T!,T 2 ) . , JT, Jr'S 

1: 

«[ a ;^1 >^ 2 ) > (’r'iJ’i > ^ 2 )] 

= au (jr; JT[ , + (1 ~~ a) U ( tc \ .t,, .rj) 

= a 1 jtw ( ) + (1 — 7r)«(.r2)} + (1 — a)|jr’«(.Z|) + (l — jiO « (-t' 2 ) j 

— ^^l^'+(^■-a)^r , tu(.ri) + i a(l - ;r) + 0 -aKl-jrOlat.Ti) 

— u[aK + (1 ~ a)7r' ;x\_,^ 2 ^ 

[ a; (jr; j l , x %), ( n \ x \, x 2 ) ] ~ [ air + (1 - a ) x ; icj, x 2 ] 

Af«^,M.^3 5.lM(i)^(ii) J RlW#tfi^M. 

&:it& 5.1 A*L.t.a 5.1 

266 u (j)^— y b NM $&.fR , Jill f (;y) = a * u (j ).+ b iJUik 

NM Sftffl j)g«E, &M a,b 

y>y'^u(y)> n(y') 

&$au (y) + b ait(y') + b 
&v(y)>v(y') 

&££«, »(*)&### ft- 


~ t>4 s - 




v{a;y,y') — au(a;y,y') t h 


26 7 


1 a ^au(y) + ( 1 — a ) u { y ) j + b 
= cr['{y) + (1 ) 

SHT: 

u(y)>j/(y'),S Ni£^t 0 ! m(> 0] >fl[ «(./)] 




& 


u\_ay + ( 1 - a)y] i = a&[ u(y) ] + (1 - £*)(}[ H(.y')], O^aSsl 




0 


[ a«(y) f (1 a) «{y')l = a&[ u(y) J + (1 “ a) 0 [ u(y')] ,0^a51 




f-(9/ 

5)C ' 32. FMf-.'IR** ujtB£.fit,NM*ffi 

•V , w(y) = 50, «(;/) - 20, u (y ) = 0, K'J w(y) u (y') = 30> 10= u(y') ~ 
«(/). m 3k,y'$t .J y fit it ffl y 4 y" M fit *#*-*■*.. 

o + y^r 

u(y) -u(y') _ , v(y) ~ v(y') _ , 

«(y)-u(/)“ 3, ^(y)-^-(y) ja 

* ft* 80 ACF) * 20 2t(F)ift 4 # ,0 &Mt, & 

&n. . b jttaijftfcm s w «i^ii . i\n 5 . 1 5 . 3 i«iiM 

&J«5.2&©:;tf y { >y 2 >y\ftfc =6(0,1),®© 
ay 1 + (1 “ a)y 3 ~y 2 

368 Bil#lfeiWT J ff Si: .rj = 100 |%,t 2 = 1 HJC, .r 3 = $M4fT?E,TJ^Ff LjUUa£ 
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aa.’l+(l - orJ-T-j —_r 2 ? 

Alchian( 1953)&H1.A^A^AMl^# 

(BPit x, jr 3 M.££® X * 

aitfciSM« X 

#ja,MM-T^^5.4 wi&ffi(i),*tfffa y ,/e Y,$m y>/,# 

(ai3’ 1 »3')A(a ;/,/ A'|#r^J ;y€ Y,0<a<l 

3/ MWAiAi/y 1 fo / #0WJT'. 

j-e y,tew 

XJ'S: H,0<a<l ,(a;^ 2 ,^»(a;.y 1 , v) 

JM &M 5.4 AfiStA. AifJiAAA u mr&n mW7‘ ■ 
y = (l;3 000,G),y=(4/5;4 000,0) 

S69 ji *n, .y 1 aa-#® s?, nm 000 n a % 1; y aa %- # *s si, n si 

4 OOO^tAlKWA 80%.iggRAXty WteiTtt y iB6,HP y>y.4* y = 
(1 ;0,0) 

A^if^T a,0<o<1 ,/>-(«;/,.y) 

#dSn,^a-i/4,3r 3 =(i/4iy,y),y=(i/4iy,y) 

y=Al/4;3 000,0),/= (l/5;4 000,0) 

maaptm/ ^193 ooo 

HtcM«£^ 100%|¥A 25% ,/ &#Sj4 OOOHtcKiIS^-M.80%1^^ 20% . 

, AAts ft mm3 ooo^tAMttt , it a«£&#a- m m . » 

mz,xx^m ew«*1 mw*g& 

. njLft.&mwfcr mm. 

wi. 5 . 4 ^ 
ffi«5$nfAAA 


w(/) = 1- m(3 OOO) + 0-h(0)>(4/5)-u( 4 000) + 0-u(0) 

u(0) =-0,49^1 u(3 000)X4/5)w(4 000).^M,nT^.y 4 > 

y AAA 

206 ► s ^. !3e ^ i4 . 




«(/) = ( 1/5)«(4 000) + (4/5)u(0) 


>(1/4)w (3 000) + (3/4)«(0) = wfy 3 ) 
j^ J tf^S 1 (l/5)w(4 000)>(l/4)«(3 000).^- t g a (3 000) >(4/5)u(4 000)^ 

y *1 y 2 PK£A 

V-(0.9i30 000,0), y 1 — (0.43 ;60 000,0) 

y=C0.02;30 000,0), v 4 = (0.01 ;60 000,0) 

270 SMW 30 000 ft 60 000 30 000 ^A#160 000 §t>. M y 1 65 

0.9-30 000 = 27 000 = 0.45-60 000 

XR .V 3 WJWMfittia ^ mj 

0.02-30 000 = 600 = 0.01-60 000 


§■ y-(i ; o,o),^lifts:EI 

y 3 = (0.02;30 000,0) 

= [1/450;(0.9;30 000,0)] 

= (l/450 ; y,0) 

/ =(0.01;60 000,0) 

= [1/450;(0.45;60 000,0)] 

= (1/450^,0) 

y 3 ft y 4 

y. esa y nm 30 000 2% ,y 4 &2160 oooh^wm^ 

h (y 1 ) = 0.9* u (30 000) >(0.45) - m (60 000) = u(y 2 ) 

«(y 4 ) = 0.01*ii(60 000) >(0.02 )*m( 30 000)= a(y 3 ) 

K^,«(0) = 0.mra-AA^A,oT# a (30 000)/w(60 000) >0.5}&ffiS£ 
“■w(30 000)/«(60 000)<0.5.^M#a^ffi^Jt. 
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5.2.1 Jxl fifefT* 
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Q y = {^\,^2,"' — x t ,X 2 ," m ,X s A 


F(>0 - TTl-l'l + * 2*2 + - h 




w(?T|Jr| + n 2 X 2 + ’" + TTjlj.) 

= rr 1 w(.x 1 )+ jr 2 w(jr 2 ) ■+ '” + xji(x s ) (9) 

^ + a2 ^ 2 + - + 

a T r< + c ,&$■., ft Ffr ft i , a,- >0. 

m- t am nm ^m&mxrmw m , ip# x, , Ja , -, ^ e x, w 

S0<ff t <1,i ^ I ,2,-,sM% 

uilTyX I + 7V 2 X 2 H - h JT f r s ) > JT] M ( X 2 ) + 7T 2 u(x 2 ) + H lt<u(x t ) (10) 

u(x)=d 2 u/dx 2 <Q,&^ 

5PA« 

.rXUxcMfo*^^ x'xcxxhbp 

I M s^RPfitKiK#,.r'MW^jRLPfeg jf SL 

Friedman ^ Savage(1948) ) , U . 

#&IUtZ,M K'UXOjtfSr# -r to,JPiJ « 

u(t)% 0 RM m”(i')< 0 SfjgFpt x to, a 

«'X.r)AOj|^A^M^ «'(*)> 

0 XjM * to,»l^RW. 

*** NMMMM5.2(a)#T7K,M .v=( 3 r;x 1 ,^)tt®! 

MArar, + (1- 5.2(a)*& OA jto(x 1 ) + (1 - 

«[ ^r t + (1 - re) x 2 } A AC.CftX&B ± 

Jensen *S£j£),J!P 








(11) 


278 


u [ Jrj i + (1 - k ) j 2 ] > tth (J i) + (1 - rr) u ( jl 2 ) , 

0< 1 , J 2 




u (JC) 


(a) 

ms.2 ^feC9H&jiasft?nAttftiiE£ 

14, M ^BS ffl i # fl(j ^ ^14. 

F m$-i 

(i) (jr 0 +A)^7cWffi^ 1/2, (,r 0 l/2,i£fR0<A< 

T(j- 

(ii) iTCWW^I 1. 


0,5w(j: 0 + /i) + 0.5«(.r(j-/i)<H(j-g) 


( 12 ) 


@ 5.2 ( b) t, ML ALB f£ T & ACB Z ±., OF > OE, ^ ^, OE = 

o.5u(x, + h)+o.Su(^-h).^ u 

0.5w(jt o + h) + 0.5m( j 0 “ h) - u{ z 0 ) (13) 


z ( |-Jo ~P (14) 

MIHiR.®® 5.2(b)t,p DC * j 0 ft A &£,0 

M U J ifezK % P - p ( j 0 , h ). 


msm 
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5.2.2 Arrow - Pratt £1 


u\_x — p(x ,h ) ]=0.5w( x + ft) + 0.5w(x-/i) 

u[x~ p(jr,ft)] = u(x) ~ p(x ,h) u' (x) 
u (x + h )= u(x) + hu'(x) + (h 2 / 2) u (x) 
u (x - h )=u ( r) — hu'{x ) + (f> 2 /2) u“(x) 

u(x ) -/?(x,/i)u , (x) = M(_t:) + { h 2 /l ) u"( x) 

BP p(x ,h)~~ (h 2 /2)\u"(x)/u'(x)] 

mfe, j £z 

R a (x )= - u"(x ) /u'(x) (15) 

R a (x)=2p(x .,h)/h 2 (15') 

fi a i(x)>K2U)> ^ pi(x,h)>p 2 (x,h) 

h,U),* = i,2 

i£M^,(x)S Pratt(1964) Arraw(l965)&£ ,S<J 
Arrow-Pratt &*, 3*flft. R u (x ), Pratt (1964) 

Arrow{1965)^ttl T 

R r (- xu"(x)/u' (x) = x * R a (x) (16) 

# Arrow - Pratt jftft&fejtfAl&MSMt- 

h,R a (x)m m 

5.2] (Pratt, 1964) Ul . « 2 TO, # 

w®*, ™ ia ,m r mm : 

(a) i 2 fll (x)> J R fl 2 (jr); 
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(b) h , ; ff ( 0 , ( .r ,/t) '>p 2 ( T 3 ^) j H- 

(c) Hl fcfc 

£75 M]( t) - ^[« 2 (- a ')l- 

Pratt( 1964) ■ Vernon Smith tB T Vf ( a) fU ( e) 

» ftj 9s — ft ilV. f« , & ft Kihlstrom ftl Mirman (1974, 364 ~ 365 jBC) t W $ 

SJ. r 101 

Jt. [fuii'bMfM^T u a 2 (jr) = 

aaitr)+ *,«>(),») R aZ 0) = K a ,(.r),#ii K, 2 U) = K 1 U)-lIfc , l£J®teM 

m Pratt m Arrow VIHM MMS,W OA , mi CA = a' U 0 ). && 


u ( \= - ^(^u) _ CA/AB _ J_ 

K “ U(1> a'(i 0 ) CA AB 

t> ( w_ «"(-rp ) OA 
RrU) M u (x 0 ) AB- 

liilSf 5.3(b) 4*, u 2 {jc) = au l (.r) + b, a >0. 0;& u 2 = au t , 1L u{ — 
au C , Pm C/A/AB = a • ( CA/AB ), U : [ 121 

276 p t \ CA/AB 1 CA/AB _ , , 

K rl (j: 0 ) = OA/AB — R r2 (jC[i) 

*&&&. U) ffi u 2 (x) = au l (.T/) + bh/Mm^k. 



®5.3 &*tfMfmnfcKS£ik 


ISKtAMinTi#: 

(o x 0 (\ + k* i/2,x 0 (i- i/2, 

0< h * .ro< X(>. 

(ID 

x 0 + h %\x Q -h g-^ 50 % 

.2/1 

#5* #■ ^ AM£ 




* 0 *(0+W * 0 &&£&,££ «c A 

0. 5u ( j:^ + h * .r 0 ) + 0.5 u (x n - h ’ j; 0 ) = u ( z 0 ) . (17) 

277 p" >()A 

Z (, = (1 ~ (>* ).!(,, A 4 1 , p * -~ f ?* (x u ,/[* ) (18) 

ffimp‘»Rm&.^S.2(b)t,M(l-r) l0 ,(l-/) , ).T0,T0 
^tl(l + /i * ).r 0 xo A r sr 0 ,^[, ft x (J + h. A Ja^# 5lJ 

ix:/Ec: = p* .T t ,/x t , = p* 

DC/EC 

am m m&%m 5.3,aM®s.5.2»sj : 

[$15.3] w » 2t *-ifcj£^w« s #^jaiJ9,r 

(a) R rl (x)>R rl U ); 

(b) tiffin ft* , P ;U,k* )> & (.r,h'). 

A M, ( T ) , i = 1 , 2 . 

Arrow(1965)ft Pratt( 1964)*M^AWAHA, 7: 

is ®a r.R/uxo 

mt b m m/u )>o 

, tsx tfc& ft.mft, mmzm 5.3, a Rumi ft n ® £ 

h * ,dp *(.r ) n^>oat,MBj&3r.,EP^AMttRKR&B! ^ 

£7S J#i£. U3J 

ft,- - AU)/AU)To 
J?/=- [««"-(O z ]/U') 2 

u *=jfcjiS6nr«i.RjtfciHM K a '<o,sa uu M >(u) 2 >o,mvj. 

u ->o.N# t *iit#Api^,g u'^om u a '> o.nm 

x>oji]^u? a '>o«# R;>o.mstMMnm 
^ ■ 

£i£ JnJft R a ' (?) < 0 , M «"(.r) > 0 . u"(x)^0, Mi] 

2/2 fc-. 




R a '(x)> 0,Mx>0_a M ' w U)<OJ!j JV(O>0. 


5 . 2.3 m=F 


£09. wCjOSIJET^ft: 

(i) x , «'( .r ) >0, u"(-t‘)<0. 

(ii) R/U)<0. 

(iii) R r '(x ) >0. 

WHIT : 

u{x) = a + hr. — lx 2 (19) 

i/(.r)>0, U "(r)<0,flm A>0,r>0 M.U<:r<&/2r. \H u~(x) = 

o ) *i@W»E;( J )>o| RAr)Xo.£fe±,RAX*UR,U)ifl£ 

Rj"^ 

R a (.t) - 2 c/{h -2cx) ,R r {x) = 2 cx/(b -2 c.t) (20a) 
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R i /(x)=Ac 2 /(b-2cx) 1 >0,R/(x)^2bc/(b-2cx) 2 >(i (20b) 

& H& , iiAv; ge %L %% ffi" (Deaton m MueUbauer 1980,400 30, 

An-ow( 1970,97 W)M-&(IStr »”■ 

u(x) = a + blog(x + c) (21) 

i*FP., A(x)>0U «'(x)<0, £>0 R c>O.Xm#tt»,&faW£ 

RAx) = l/(x + n) ,R a '(x ) - - l /(x + c 2 ) <0 (22a) 

.RrO) = x/( x + c) ,R/(x) = c/(x + c) 2 I>0 (22b) 

Silt ,itt«^±ffil^^(i), (ii), (iii). 

«(j:) = a-^~ r j^ 1 fl>0,6>0,o-—^0 (23) 

R a (x) -2/(x f b),R a '(x) = -2/(x + 6) 2 <0 (24a) 

R r ( x) =2 x/(,r+ b) ,R/(x) =2b/(x + b) 2 >0 


#5^ 


(24b) 

► 2J3 





P3 jit, Jltmi* M Jiffi fK i), (ii), (iti). 

r u (^) = fl ( a 3?sr»), fwr wam# 

H (r)=-('“,S'f'a> 0 (25) 

M*m «'><),u'< 0. a-t£ffi#ito'E3S R r (x) = M-& 

/^(.r) = ti3 ^W^W 

0<a<l ,Jffi| w{x) = :r ] 

^ a = 1 T J5 F J w ( x } = Iqgx 

***a>l,Sj uU)=-x _(£, "° (26) 


5 . 2.4 ^ 




281 


Et/^TIT^Xi) + (1 — 7r) u(jr 2 ) 

Ei/*#*w(x lf x z )»tta.»j 

/°^| (.T! J? 2 : TTw(xi) + (1 ~~ 7r) m(x 2 ) = M°1 , ^ 4* 0< 7T< 1 (27) 

/<o)ju 

eu= u\»m 


dX2^dT, 1 


— - a« / (x 1 )/w , (x 2 ) 


W “ U 


J 2 j’ 2 / '<^i „ = “ a[u'{x l ) + au"(x 2 )z 2 ]/u'(x 2 ) 


(28a) 


(28b) 


U - ti 


i4M a=*/(l- *r)H «'<0,j|lj J 2 ^ 2 / 

(i 2 jc 2 /(ir, >0,WJ «'<O t 

0jlti£ J hA*£U5WJ&. 

M£(*!, ;t 2 )&#;£< 28b) BP £ 45^x 2 *m 


d 2 x 2 /dx\ 


= K(j: 1 )ff/(l- k) 1 


(29) 


ii — « 



*n j K a tm»m!SRffiKJ Arrow-Pratt 

5.1. 




45'^Mittfltlft^jtt^At^WftKSSftmK >r/(l - tt) 2 - 
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§ 5.3 


5.3.1 &® [15] 


m s 2 .M a - a,A ffine s 2 (* 

AA)^±,M^^-iiSfc 1 g^C7r;a - b , a )»■ 
u(a - p) — nu(u — b ) + (1 — jt) w(a ) 

MCa - SHE. iuifl p'=0, 

282 ^ u{x) = Log*, a = 90 000 HA, b = 80 000 HtC^ = 0.01. JMSfcfn^' 

log(90 000-jo) = 0.01 xlog(10 000)+0.99xlog(90 000) 

WSJ P = 1 567HAJPH * = 0.05,flU p = 9 178HA. :i6] 

mit*:ATOH«.^ x%%s l p 

S, jSti,a, = a-6-P + x 
S 2 &k,a2 = a-P 

(jr;«i,a 3 ) = (jr;a-6-P + ,T,a - P)#^ - itfcA&tffc^S _hf$$Effil 

MM}? 

jm(a-6-P4 x) + {l-jr)«(a— P) 

7m(a ~ 6) + (1 - tt) w (a) 

itfcA«Hitt-»l^.jgA [17] 

0< a - &< a j< a 2 


G<tf-£»<a-6-F + j:<<a - F 

iP*jftAR*m.HP®* « 5.4(a)^] 

.215 

#5f W * 1J 




tth ( a i) + (1 - tt ) m (tij) > ~ b)+ (1 - 7r)w(a) 


216 


53 -*®,!nm U ft,it 

H rw). 



3 5.4 


* 


p=p/ x ,m p x,p 

*ffl, 



m 


ku (a - b — px + ;r) + (l — n)u(a ~ px ) 

^*>O,i-K#0'U“)-O,nm 


7T U L * 

W »2* 



( 30 ) 


jS'f 1 * «T —«'(«,*), i = 1,2. <2 t ^0 a 2 


0 r '{x) = 3Tii"(ai )(1 - p) 1 + (1 - Tz)u{a 2 )p 2 


( 31 ) 


m ®*i!tAAM^R)gA S^A(30)ATtt-©^M#A{t 

a^oo^as)* k &£*,"m£(3imsjT?!i£i£ 

^: 


0{x* ) = - (1 - p)im‘{al >[(1 - p)R tl (a* ) + pRA a i )]<0 

p= (a ~ a 2 )A^i ~ &2 + b) 
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pai+ (I - p)a 2 — a~ pb 


(32) 


^&|Hl,iSJE£(30)Mflr Mai 

?rw(«j) + (1 _ ?r) u (a 2 ) ai #H a 2 a * #11 a 2 »AlA(32), «i^0 T 

5.4(b)M^ A ftS“M”£,BP 

A = (a-6,a)& OA l = a-b,OA 2 = a.£ l C l CiM.j&&A,&fy%-p/(l- 

a, 


( a i , a 2 ):^ u(aO + (l - n ) u ( a 2 ) = 7 Cu ( a * ) + (1 - tt)u(« 2 * ) I (33) 


da 2 _ _ n « (oi) 

(iai 1 ~ jr A (a 2 ) 

P ^fflDJS 5.4(b)$7p. £ AHfcA 

OB i — a* = a ~ b ~ px* + .r * , OB 2 = a 2 = a ~ px* 


m$t Mmm 


iJiAi = OB i - OAi - x* - px* A 2 B 2 
= 0A 2 ~ OB 2 = px*^P* 

Jt t, x * #q p * # Jgij^st (& W *. 4- oj A AM iU 

45'JPATO^ 0 / £ 6 ± 8 u£,tf ai = 02 . 0 ^^ 18 :A 

oa 2 =oa 3 ,to 

.A 3 A 1 — QAj — QA [ 

= OA 2 - OAi = a-(a~b)-b 

Wtft in ft 

MM%} 


- 3r(1 - p)x+ (1 ~ n)px 

M&I&MJIMMA 0, BP 

jt(1 ~ p)- (1 - n)p,i$ t k= p 

T-'&'&y-ifimn, 0. #±ffiW^^A^(30), nm 

. 217 

ms* A1/ 





u'(a ~ b ~ px* + x* ) ~ u’ {a ~ px* ) 

(34) 

h «"<(), mmm 


X* =b 

(35) 


&&-T Mim&ftM5.2. 

[M5.2] 

(0 &&Tffi£Ai£(*« )T rn ^>),3fi{Jl^JJtA*^lfeKSW. 

00 M^£A(30)&£. 

286 . [1R] 

- 0r&tt- lilfiHiE —'f tt- W £MS M, ain Pi ffl a ft W fct W & 

BA#?2. 



fifffr /> Hfffilft^'t: W^i?b. [I9] ^/> A 

-®W.£i,£teW&B5& e(*^If-^ 

(“X^'OfPSA. TT TT M 


jt — p fix) - tur — a 

a,&m®£ /(o>=o,a 


$0 f# ^o./OJ^./UXo 

£ [ w (7r) ] = E) u[pf(x) - uux - «]| 


H ney 

= u[pf{x) - uec - a^0(p)dp, x X 0 
^ 0 

i o mm. amnis 

A BM£ii). jlfc&jsiij&xa 



2JS 






( 




£88 


Eiu'(rr)[p /"(x) ~ w]l =0 

& 

E[u'(Tr) p fix)] = E[u'(x)]w (36) 

,.T>0.r! ,HP*tig j/<0,1/-M 

E j u( n)[pf(x) ~ w] 2 + u'( n)pf(x )} <0 (37) 

«'>o. 

E[w (tt)(p - p)]f (x) = E[u' (7t)][uj ' p/Xz)] (38) 

33—)f3f ,0 E( ir) — E[ p f(x) ~ uax - aj = pf(x) ~ wx ~ a , 

:r-£(jr) = (p-p)/(.r) 

Mte *>0,&l f(x)>Q,mn 

^ p^Zp N - , xSE( x) 

, a mxRMVimfti, mm 

=i p^Zp , u'(jt)^u'(Ek). 

M, 3 R& r! AHl&R JUtf : 

u'(x)(p - p)^u'(Ex)(p ~ p) (39) 

E[ «'(*){/>-£)]<«'( Eir)E(p-p) = 0 

E[u ( IT ) ] [ lt» - p> f (,z) ] <0. 

mm a'>o,^r eiv (*)]>o,j9fm 

ivKpfix) (40a) 

■w = pf{x) (40b) 


& 5 0 
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j 




/> = £+7e (41) 

£'f, e # t E (e) - 0. [2Ul AS(38), "S # 

(p - q)f (x) = zu <?== -7E[w'(?t)e] /E[m'(3t) j (42) 

*^(42),pT# js- 9 >0.m,«#^(39)ifll^(41)Rr^l,^^R|t&KffiW 


u'{x)y£l^u'{Ex){p - p) 

YE[u'(x)E]<u’(Ex)E(p-p) = 0 (43) 

ift,<?>o. [21] 

£ q >o,£ (42)&!ft;f '6LTM&A(& 

? - 9 >o TOM # W ft £ ttti &T ^ * m' “*r ft'" . ? ^*S 

[22i 

* )*?—= (*1,12).4 

K = pf(Xi,X 2 ) - WiXi - W 2 x 2 

Jt* ^Sg* -ti^Wttft(i = l,2).3nJ|l * fl = 

x 2 


E[u'(ff)(p/i - zt),)] =0,1 = 1,2 (44) 

X; >0, j = 1 f ; =3f/3x it i = l,2.fa p=p+nftA£. 

(44),TO 


(P~Q)fi = w;,i = l,2 (45) 

f(x l ,x 2 ) = f l x l + f 2 x 2 .=F&»m 

(p - q)f{x L ,x 2 )-(p - q)(fix i J r f 2 x 2 ) 

= Wi-Tj + xv 2 x 2 


sjit.sem 


yyi\ k... 




Ji(?r) — py Tt'i-3'! - iX’ 2 .r 2 — qy (46) 

(46),TO 

E(? r)>0 (47) 

mm . a^a ( 47 ) m ^ % £ a #m u r, m je (■n ?w a 

£Am ];M&TOtti;fcT#M: 

[*« 5 . 3 ] 

$&; (c) «A m M . UM , ft iff MS hi££$. 


5.3,3 


Ml r,r MttllAM Aft. ^I£-^ 

j t ,firSS-^#A#R»«j fc .4 m «* ^mAittAM-^fa^-^gif 
AMfeiAfm. ^m^WAAEA^M( w)A 

W=m + a( 1 + r) 


m S 2 .^ S, ^iRt,r=r 1 >0;^ S 2 2t 

W,r=r a <0.4- ff^S, W, * 5 , MfHi. J&J 

AfJA 


^= 7/7 + a( 1 + r!), W 2 ^= wi + a (1 ■< r 2 ) 


A A=m + MPS^6Wtft{I,M±A^fi^A 


W"i=A + ri a , W 2 =A + r 2 & 


(48) 


±5$m-5Tai&£S3 £ 0)': 

(jt; W, f W 2 ) = (jr;A+rj(Z,A + r 2 a ) 
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#5-* 




E( iv )—jt W i + (1 - ir) Yf 2 


— A + a [ jit | + (1 - jr)r 2 ]“A + aK(r) 


(49) 


7ru(Wi) + (l-jr)M( W 2 ) ~ jtu(A + r { a) f(l-;r)w(A + r 2 a ) 

0(a)^7Tti(A + r!«) + (1 - 7 t)m(A + r 2 a) 
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3 a* >0 o'(a* ) =0. 



i£M «; =«'(&*),i = l,2,#R 



Wf — A + rja * , — A + r 2 u * (51) 

&"{u ) - MTiii"( W t ) 4- (1 - 7T )rlu"{W 2 ) 

w- &<jA«A{S. a n b; w m gy -u it t ft A (30) % A (so) * fy. 

^TfflW*-AA,Eb^(48),(A-w 2 )/(it Jl - A)= - r 2 /r lf Ht^PTS 

n% 

pWi+ W 2 =(1 + p)A,%* p=-r 2 / ri (52) 

fii.KJgKS# \a m w 2 ,® jm(w I ) + a-jr)«(w 2 )eAa»s 

W 1 > 0 ,W 2 > 0 1 A 5 t( 52 ).^r^-rtM(W l < * >0, W2 > 0 ),tb 

-^»cj#fij^(50),^m w; m w 2 EbA<5o>«,#?iMA<52).^ 

5.5 tpM QQ ^fflfM^(52)&if(W lf W 2 )WftaE,<ftE OC, ft OC 2 M 

A 


OC^AO 4 p)/p,OC 2 = A(l+ p) 

HtSe t-MI^ 5.4(b)*w C,C 2 
& A *«l^*J45 , ^Qf CM 1 ( = OA 2 )^ 

OJ 


{(WL^JumOVd+O -jr)«(W 1 ) = 'fif* 




222 !►. 




( 53 ) 


dW 2 _ « n'CWt) 
dW l 1 -jt u'(W 2 ) 

293 j8|S^ ( dj^<50)nf^,*il£;j^ B ffi M, $n m 5.5 m 

OB! - Wi =A + r y a * , OB 2 = W 2 = A + r 2 a * 



a 5.5 

»*h 

BiAi - rjM* ,A 2 B 2 = ~ r 2 a * ( >0) 

m a *>o,m wr>w 2 * .ait u r<a 2 *.Bu^*Tt( 5 o),®frj''>m 

/)( 1 - 7r) /JT< 1 

m&t E(r)=Jtr] + (1 " _ jr)r 2 >0 (54) 

^iifc^£,M^(54)$±,j!!S w; > w 2 * Mit a* >o.0jtfc,#£»lifrjK 

5.4. 

[^15.4] h fk ?f r ^ a u 3 & ?f r-sm 0 $ $ % 

IE- 

W r ] = m(t + 0 + ^(1 + r!) = w J + a + n( r t — i) 

W 2 = m{ 1 + £) + a(l + r 2 ) = m' + a' + a( r 2 ~ i) 

SS m = ra( 1 + i)S a'^a (1 + i) ■ ^/a'% 

A'^m + a , r/=r, - i t r 2 =r 2 ~ i 
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#5* 





Wy'^A' + r/a , W 2 ' — A' +■ r 2 'a 




( 48 ') 


At,mam ™ *n a 

M^{iL^^^^J^SiiWra.#^(50)fn^(52)^ a j£«5>, tT# 


a"(wr )JW L * =- a/m"( W| K'iw; 


+ JVA* = (l + p)dA 

3*fp. a=(1 

dW{/dA = ap{\+p)u(Wl)/ A (55a) 

JW7 /(/A = (1 + p ) u( W t *) M (55b) 

M*¥, A —' [ w" ( Wf ) + a p 2 u ( W z * )]. &, A < 0, dWl /dA > 0, 

dWWdA> O,§t_0.« U "<0 f «A>jM^E#.*^(48) f Bj# 


( dW ; /dA)-(dW;/dA) = (r 1 - r 2 )(da*/dA) (56) 

^A(55)f^AA(56),HMA(50)AA(15)^ tf a tf)feZ,nm 

^ /dA - - (57) 

s»5 a v <0#^6XtW,^,tSiiiS ( J? a '<0,TO 

da * /dA >0 

mj w; >W ; M r J - r2 >0.iiffl^(55)W^(56)^AA(50)fn^(51),IH 

«(16)^ J? r £fl£A,TO: [25] 

(A/tf*)(a«vaA)<i,5H&&3 i^ r (w 1 )>j? r (w 2 ) 

h jtfc, mwmik liii, r; > o, sr % 

(A/a*)(da*/dA)< l 

[dfls.s] 

&3t 

W tfc . 

ArrowffiaUl%5,^2^;1970,^3#).^^,Cass 
fn Stigliz(1970)M Arrow U. mi&, 

M#T - A ,«Etk 
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j efV#V# fr#*-## 



2m 


r m&mt s? r , ep m &&/* to w m 

Arrow ft^TO - #§ WMm ft MM ft If T TO 

j&, &m&m & 1*1 £ ht-ftij tomtom #. &mm * 

MAJP&Mm*. Hart(1975)M^£!ttArrow 

ft-ww mr &,“&££ -t ^ itlat m 

Arrow ftTOWliL# 

m(615 m).Hart( 1975,620 M)iSEKfn“WW^ 
IWttftM ISMA'” - TO &ndmo( 1977)M—tSr ft ft It A =£i£ 

# r*m ^ A“»±, Afi j ft titk mi mm, wM-ftMxm m s- 

ftATOiSMft lt»£^iTO Lt * mR;E£ft ££ £ 

ftfflMA”(378 3T). 


5.3.4 ft&JffltV&K 


[ 26 ] 


t&wmmm'Mfc x a Fisher(1930) ft w t m m ft- m . a &fik ft m ^ ft- 

Fisher ftftftTO. 

-^ffii!^filWl*fWSS.l(Jffi#).2(^). r:7 > <:, Wt,ftMit& 

u(c,MTO>tMMo', ft >2 tmMM 1 ft 

2ftMft_U»A.£)m$ l ftf$#(ftATF ) A 

.s-^i-ci (58) 

4 r 3- 2 + (1+ fts.fSWfcTO 

f 2 ^ 3 , 2 + 0 + r)s (59) 

^^(58)ft^(59) f tr 

(1 4 I C 2 S(1 > r)>'i 1 y 2 (60) 

*Wff^t(60)FR{61T,®)£?S^#aS^ r, ft o ttAft u(c lt c 2 ),&)& r,> 

o,c 2 ^o. *js&iifcM&,3Mn^'&ft#ftBfl r m 

m(c, ,c 2 ) + A [(1 + r)_V| + y 2 ~ (1 + r)c-[ - c 2 ] 


397 


<- 1 >0,r 2 >0,#lft;fc^fttt:j£ft( * APfcM^ftTO^M^ 

% 



j& ¥. A >0 U Ui =0 u a a r > 0 ,1 = 1 , 2 . (61 a) 


226 



[ilA(61a)& A>0,^mM(61b)A 


(62a) 
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(1+ r)c i + r 2 = (1 + r) Vi + jy 2 


(62b) 


Fisher m jfl. (u l /u 2 - 1 )%2ji&l5HiSIti&*. 

^ J C(62 a )fll(62b)^Ar^^Si£3- 1 ,3- 2 W r W c 2 ffjfttfe 

c, ft C2 

Min 


n 71 _ -Q + r)[M| ;- (l+ r)u 21 ] 

fLl yi [«n-2(ltr)« l2 + (l + r) 1 « 22 ] 


(63) 


»,- >o(#ft), air j a nr w jw ±t?o : 


M J( *C0, J — 1 ,2, 3. M !i( — «21 )=0 (64) 

M^Sd. 

«, >o,a >0 Mfsar ,TO^#w^( 62 b)d{; 

3:. MiftteJl} r *Jgtt;jftAt(59)5t^, BP 


c 2 ~yi + (1 + r)j (59') 

£***+ a. 

ftiis&T, a Afcfla jt .m n , ^ ar, 

* «,-><> WfisgT,^(62b)*i(59')*^i£j£.SE^^I6fflWae!»(Sf 

ft ^ w. h jHiifcin afT j »r w #«xt ± si «9 aw: 

ffi&frftiEftUTfe,, 

rt3(59'>,Mffi& 

w 

M(ci,c 2 ) = u[ 3 i 1 -s,jy 2 + (1+ r)s]=®(s) 

*( s )w 


& {a) — - Wi + (l + r)« 2 = 0 

ft jifc ft # flj Fisher &M( 62a). ft t|'£ 

^(s) - M|] - 2(1 + r) u 12 + (1 + r) 2 u 2 2 

ft&m64)ft*P t 2>"( j)< 0, Hifc(62a)lt^T1t-W^M*f)t^ME## 
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m mm * mfe ft 31 A&m m . n-f* \u t , n a #1 urn b «c a 

y 2 j a—/U).» .v 2 w* 


E [ u (L-J, c 2 ) ] - E t u [ y 1 - 1' t y 2 + 0 + r ) s ] r 


w [ Vi _ * . v-t + 0 + r)s'_f(yi) dy 2 — 0 ( s ) 
v 


(65) 


iiy A v MfiJ®. KKii# j VA&kik 0(5). # AtWiRIHt A m A. 

m&m-wj, .aw «; i a (* >= 0 n ^ a 


£[«!“(!+ r)u 2 ] — t) 


E(wj)/E( U2 ) = 1+ r (66) 

iFisher £ JU M “^Sl £14KMc”. ft ^ M £ffif# 5£T, A IS rtf |RJ ^ Sl- 

$ £( Ui )/e(» 2 ) - 1 

A(s) — E[wu ~ 2 (1 ~t“ r)w|2"^ (1 1 

ft®&(64)T,0'(5)<o,J^UU$(66)l&$T— 

jr 2 

JV 2 = y 2 “*~ 1 /(67) 

A vz W^fl,e^l9S#i^*.ii(e)=o.SntlrJSrfiE,7 

/ = ouAv2 = :AM^>ifMAAi£fil£M e 

A 

0(s;y [ ,y2,r,Y)^E(u l )/E(u 2 )-l (6S) 

ddAIs = iE(w 2 )E[ ~~ «ji + (1 + r)u 12 ] 

-E(wi)E[ " K21 + 0 + f)u22V^ / '\E(tJ 2 )\ 1 (69) 

H*3^s>o,®miilltlr)kSi|jcAM»TfiS#Wgft:l:(i*)* emm^r 

5,6{a)jjlr7K- 

» , %m\ ,nm»Ti+#= 

38/3y l ^[E(u 2 )E(u n )-E(u 1 )E(u 2l )]/\E{u 2 )\ 2 <0 (70a) 


SdAly 2 = [E(u 2 )E(u l2 ) ~ £{ Ul )E( Ha )]/|E(« 2 )l 2 >0 (70b) 
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M 5# 
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j * fttls , £iUl3 5.6(b)J^f/5 , >0 ,t?5/3,-v 2 <0. 




i5.6 iftARttTttffi**# 

300 iCnJtUijHW-^ 


d C i /0 y i Xj,X/7 V]_ >0 



801 


mi«i o m i zm , m % (a c , ^) +■ (a * ,) -1. £ ^m j «j vm ft 


dd/Or= \e(u 2 )e(u 12 ) -£(m,)£;(m 22 )!/!£:Ch 2 )I 2 >0 


(72) 


r muHMs.e TO e «r rn&±.&, BUfc^ttf 

7 MM3I^J [301 .^ 7 m(68)M 

frMnm 

36/07 = \ E(u 2 )E(.u 12 t)-E(u i )E(-u 22 e)\/\E(u 2 )\ 1 

'' r jrb /m ^ *" ' 


£( M22 e)>O f X EU 12 e)S0 (73) 

3P«fnW^9^y<0,®jlta 7 Wet, 13 5.6 TO dMT#.«£ 

WM*.SandmoC 1970,353 jSJSIfiJ Boulding ffy i£: “SB&£ftk&#*0 |r5 , 


^(,(C| t c 2 )= - M 2 i(ci, c 2 )' /m 2 (ci ,c 2 ) ■ (74) 

iiijitmRIW Arrow - Pratt £ « U , (Q til ^ A PJr A [§], 0 A u M 

# c 2 .iu$fi «k nm-c 2 

► - --' . 
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3J? a ^o 2 <0^ji?K a /3f 1 ^0 (75) 

jtfcj|§&5?r'f+& Sandnio( 1969'A| A, ftk^ 

u{t'i,C' 2 ) = Ul(C] ) + V 2 ( f 2 ) , M'J K Z - - v 2 (c 2 )/v 2 {c 2 ) 
ffl'&JRa /A : = 0 mdR a /3c 2 < 0 itk'M Dj U 

$01 &T*SSCHII£ *, rn y 2 kmfctth ii« 

r WJ9rttife 

Sandmo 

(i97E))itifeii. r3 - : A{Sftii^,^rj^ r nk 

r - r + ye, 7>0 (76) 

jltitt&T A (67). &ffi,£'( r) = r = M, € MMft ,X-ft®* 0,«W 

MSSOf g(e).rt^,7fne AAv:- t 5A(67)tWM^.Sfnfg^ r> -l,j£3P 

, 0=1 ^ r+/£ >0 

EUb’i - i ,72 + (1 + r + 7e)i-Ji=^(-0 

'm&vt& mft #, ■-m# / ( .v )=o *mnk 

A't-Wj + O + r + /e) «2] “ 0 

S i!t Af# #J 

E(«i)~ fAwd + rEtwi) + 7E(ew2) 

E( Ml )/£(w 2 ) 1 = 7- r (77) 

nk ,t & T£££■. 

T= - yE(£U2)/E(u2) (78) 

mnwirai 

.b> j 

js5# r 





if - E(u n ) ~2F.{pu\ 2 ) + E(p 2 U 2 2 ) 

£&{4(64)ffl p>0 fttffiSdT.f-<0^«.Rjfe,^(77)ti#tT'tt-W^ 

ft. 

304 £UH 2 )<0.*i&TOtUA 

ri5^(42)f J^JCW q 

m a 

W&JB 5 , PP 

^£( Ul )/£(w 2 )-l 


8SJS,£ *f J MWA, Dl# 

7(?/r7s = [E(m 2 )£( — Mu + pH 1 . 7 ) 

- E{u y )E{~ u 2i + pU 2 2 )}/[E(u 2 )] z 

^j£(64)>ftl p>()J1M«IJ^M.v>Oj*fillTWIMttf 
(.v*)tij 0 5.7^,^r^#aj3(?-r)/ 



B0S.7 WKIftTWtt* 

in® 5.7 ™^,W4iWTe<JteSa(5*)^««^STM{6(s u ), 

[Ml 5.6] 
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iSSF#^ ■ 






i»] o fti i t.m. 

(b) -a * ±n e & a m mm 09 # jw «g ^. 



1^. iS 1 ] . 


§ 5.4 11 



/ BA 



5.4.1 If Lemon J0lj If ill 


306 


307 


jcjfi?). LBJ in ^f-A OTA (Lemons) m M0M& til tr, ti A # AIIK 5* 

409OT. ifA t 1 ,'«, IP AMffSI AAf®4Sr409M- * 

AJtL *■■«. OT±fA W # fAB & A 09 W M |wi. R Ifu ^ A& iH r rf] &. 

Akerlof 4 1970 A£ltk09-fm?f?H'J 

mm . m 70 

*MA09 p A 4 09 S!l A (J9f lit i* * 4- vm WM ft), in A ft &± 09 

Lemon fcjMAiW i'X M (A £{%|&fO44#- ^ ft &, Lemon ?AWM'AM® 

m , xriA&m &a a w m 0#. 

ls& AA9fA»^OT£JtM mtft&m. AAOT AfmA-ft«09 
^, JfliJ IR 4^ WMJ-,M. ^ 09ifi 

09 a it ft , m m®&m&&m a 09 a 

mnM (©AA m% {* B 09 A) M Vf #1f UT , ft ft 0MB 09teB£ ft A M 
09, IB4 ft 1 ft 09 MW if 99 «££i£ # 09 ft 4. 

&ftf-IllATfJ&-£. f341 

A ft 09£ t KmAf&AOT-B Jfe& HBrti&m M. -SS£09 M JH & 

Mife^mA Diamond ft] Rothchild( 1989)ft AM ■ H&K fnffi&SftM4 
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& 5^ * 




5.4.2 


232 


* 


%m 5.3.1 .-^AiE^f £)»£—'NS& 

S^S^MS, ££JiJ]tfcA£®A bmJiMS 2 
mUT&GM&.&xXiSi &&&}&=£.&* 

t&W&& ■ ©£&A RX vmn& X. 5 5.3.1 1!r 

ini, am am ® £ a a m mss,«it # rt iu & ■ ft ® a » w «■. 

#£]*(*),£* 7t'<o,^>0.^^^Mft5^AA^t 1 0ju,mU% 





-rn&mw 



[ 7r( z); a ~ b ~ z~P + x,a-z~P] 
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*¥. MlfAfAiWAA#, 



& JiS Pauly{ 1974)« A&, IM M-t MA ^ J§&&A ® £ £ 4> «& W 

\m. Iife,fllSII«S * M.WAAtt^'h X 
M, IP 


0(z)— ff( 2 )a(a-6-z-P+x) + [l”sr(z)]u(a- 2 -P) 

z>0 r «i^@(^.t«S( * nT 

y$~m&wni3 

d0/dz = x' (z)[u(a.i) - u (c^) ] 

~[x(z)u'(a l )+ |l-!r(2>|u'(fl2)]=0 (79a) 

(d 0 /dz)z = 0,z>0 (79b) 

jnSx = 6(^l^),JW H (« 1 ) = H(fl Z ),ffi^ d 0 /dz< o.'EJitti z=o(— 
£^^(79a)flIJn —'•^/h'A b tH)x, d@/dz<i 0. x {ft, z =0. ^3“ 

z>0^x,^#(79 a )^(79bHmA Afe *= 0, IP 

?r'(z)[ wCaj) - M(M 2 )] = ?r(z)u'(ti 1 ) + [ 1 - jt( z)]«'(<z 2 ) (80) 

&ja*,'EX&J£r * AxM$UM . = X<0. [36] 

b.... 

r JB#W4N*M - 





309 


x 
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{ft, z = 0. 

e = z(r)jmi^^i«tMfM»«IS««,^.>0. 
4P=P(^)WtMSl^ z = zU),P = PU)ftt,^#MM& 

<p(x')^7t[z(x}]u[a - b ‘j(i)-f(j)+xJ 

+ !l — jr[z(jr)]|u[a-£(.z) — P(j:)] 

^>0 wmr&n-A x um. 

x>Q,®*&( * ):£/T>ifettift,6-|^H+ 0'(x) = 

0,Bl{# 


_mi' (ay) + { \ — 3r)u (a^) ](dP/dx) 


— jcu'iay) ~ [ jfA («i) + (I — n)u'(a 2 )-\z' + iz'z'i u(ap — uiai)] 


Ffe *c ( so ), iff u & a c si > urn m mis m «. s m m 



dP/dx = xu (a^)/[ 7nP (ap + (1 - tt) u (« 2 ) ] (82) 


^ JT.' 37] 

iH*?, - ff (x-P) + (i- ff )P = 

o,sK 


P(x)-7r[z(x)]x (83) 

0it,P' = 7T+ jrV^j.^'£{ J ^A^C(82)9{l^flt!!,^{n i ft# 

jt + tt'z x — ?rw'(wi)/[ 7 zu'iay) + (1 - 7r) u' (a 2 )]=D(x ) (84) 


&m d(x)»^«s * 

indues z(x)m& 

{rFA^i£A{£l&»Jg: Bm. 

P'i^dP/dx ), A* 

p d)«#'t'ift&TO^.M{tA^(83) p= xMsitmi 

mm 

. 233 




p{ - ff) 


(85) 


,9J 1 
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x<UKz'<l)Jm * H^M/hT^(84)i£«(Kj 7r t a-V'jc. SjffcJP 

1974,51 ®). 

«ifl , && A ftil m (^ jfe) #j Kr ffiiBife (z) &tj* : f - mi 

M£i&, W,# 

m. l3<?; i* liifttjwft® *, 

- -#AA A 


ABASIA M A. «A®te«#&A^AM 

m &$ m ^ js a a u , a & a ni ku w ja—t & tt w n ■&, && * 

.WWAn) rj»£HNAM 

®MWA£ f -ftmm 

Shavell 1979). 


5.4.3 



&U A%*«&£■ aJ^^A »M^A®fim&A«H^I & -t®^ 

m ap % fo & &, hum e &ie a &.« £ *j f& as- $ # % 4 m m aw a# 

x H mn L 

, ifii&ftA 0 QMMJMMI&. 

SIS 6 ailit! A, - 

All MAMA Jj ,&&&*;*■&&«& Sf hfl-. IliMftHMAMtfnfT 

m ,&i£®^M^HMAph&. Lemon 

& m . rt.M&ft- a® m , 65 a ka ± w £ a m u a s? e?t « &, a a a w m ± 
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c p r, • ■-, k >. p * >0, ffii# /(p *)=o, u&*tt) &mvt 


2 64 


► 






i if,(p) 7^0 (i = 1,2, •■•, 

»).**(« + DttMffllSttfi jr B + l ^S£t;£(27)im 

■i».i- ' ip\fi(p) + Pifi^p) + •” + P,JJ,P)\ (27') 

pmmmhp' 

hbn±ft,% i 

S«id. LJ7J 

Pz(t) = kifXtnU) ,Pi( l ). “‘ > Pn( t ) J, i = 1 ,2, ■••, n (29) 

sir K* PtrtMPi )Ct&tiaj(ffl -t 

* t = o b^ P =p\i^h-nm) 

P* ,£#/(>*) = OX ,p(tiP°)&%itiLT p'^tl 

xK)-xii«, 

ttfcjs. 

, f 2 (in 1 “&r- n°n ” fn“ x w ^^ #“ it p 

f B°B”fD“Inf ^r.’ 1 ) Jt^rJiii}g)EKf tft. /i=/,7£ 

(29)fgft* 

P(t) = kf[p(t)],p^p l /p 2 (30) 

a^ttr«jM-^i£i6.3 jfP6.4 

jit ,$H’MliXIipm SISnTSSm. [1S] 

sis IGMs.i] 

/(/>" )<o EtfXJiMMOT^W.MmTrM 

&:/'(*)<o4tw,ft*t-fTaf& 2 -tfi-&# £ f ft a l 

#-. [19l *»*.i4& p aft3tr£®ii,A XX '£#£).£*£--Ai(f 

SttiEfc^^?t t .&■-&$ft-fefc'T, *6££ & 7 #JtWft41 St t * 

‘its..#Mm ^ 26:5 





. jMt i$ 'ft JJL « W R Jf|, 4UG 

ji-tT-jK« 

MO- KJlp(t)] (29') 

Jtf 1 K % n X n ,W)€ ftWSfS / t*tftjrijfc/; r >0. > /»* ^iJtllL 

£ ■ m (29 ) 4 (29) ■' w j£^ Wt £ ST m V JSE 

> = KA(/> M) (31) 

#+ a - l a y ],a*=»/;■ (^ * )^.;.> = l . 2 ,-,«. mmam% 

« A *3 n,cks( 1939,1946) 3M±, 

Hicks a ± M A; n Yf tfi£# *- M\ 0 m >*W . M 

m g&&(1947)iEgUi£&#4 71 l+^u u ul^t*a>'®E^J^5tl^^§t(31)a^tt 

£<if M*£gmi958 , Hahn, NegLshi M 

Arrow fH Hunvicz^ 3A M it 1*3 tW ^ M i-Aj , a, } >(),M p * J5y^f£^*fc(31) W — 

. &i&w p*■ [w - 

1959 Arrow, Block fB Hurwicz ifOST £S)Ef fcfc: ill 

3/, (P * ) /^ >0 1 &j , # ft «»£ Rj t ft It - 1221 ^ Arrow - Block - Hurwicz 

&& thrift, ft & &m #i # a m aj. it i ^ ft w# 

Eavesfn Scarf 1976;Scarf 1982). Hirota(1981)tfj.T.ftftS — 

6.3.2 S3SSSf««fWlft^tt El3] 

T: fMl 

Y* = E ( Y 1 - T t r*) + G,M/p = L(Y* ,r*) (32) 

y=, r = w-, e = m Sf(oin j-.s# c/), g =m■* aj, r=&& 

(»). M = # rfi im , P = M/Jc¥, L - ftfH flffjfc.i*fi 

g , r, m m p 1H1 . # sia p ;*m ft $ 

? = ME(Y - T,r) + G - Yj=/( Y,r) 

'r = k[UY,r)-M/p]=g(Y,r) 

266 


(33a) 

(33b) 




K* a mb a^i«j£^(32)«C v*, 

a(33)w^#jfe. 

(r,r‘). 

XtM( Y, r),0<E y <l,E,<0,Ey >0,L r <0 (34) 


351 


352 


K* e y = 3E/^( Y-T), E=3E/a r ,IS 

lm ffl^!3r n j±m#4 ! i^jitm4( r,r*) 

it- m 04) ,nm wit* m (/, g > w »*r ttn % *. Mm w c y, 

r>. 


/y = £1 (Ey - 1) < 0, / r = «E r <0 

g Y = 6L y >0,g r = 6L r <0 (35) 

jC-tJgff^fC y,r),/ Y + g r <0 (36a> 

( Y, r) ,/vff r - /,£y >0 (36b) 

( y i >") j./ygr^Oi/(gy^O (36c) 


te- USl 

t^®6.2] *ti«#^§t(33)^^6(jMKrEt@T t (32)6(j“m J m»f” 

. m *r vmmM& y 

& T , P . RltBW T^ftSl = 


mm i] 

> = a[E(Y-T,r) + C-y] = 4>(^,r) (37a) 

r = b[L(Y,r)~ M/p] = V(p,r) (37b) 

[^M2] 

f = Q [E(y-T t r) + G-y]=p(r,p) (38a) 

}>=-blUY,r)-M/p] = $(r,p) (38b) 


M£+G-Y=(/ + G-T)-(y- T-C).#@(37a)S$Jttj$iftWJR£ 

Mi®«fflf^(^#tt^)ttfl|-ft±^(^#T^),W^re(37b)i»iEii1fW«Bti 

m mm&zn wsfj*®# jwifflir an. im (38a) m gi*- 

= i + g - rtB mxn 

( = y-T-C = M*)*IE®(^^^),M^J$.];?i-(^TI^). [26; 'MW^ 

. ^ ygfl 

0 6 it r 




353 


268 


5LUM £ r <ofn z. r <o, seism ift£ i^fn2^^&TO®ATIt£ 

P¥Mx*^inT: 

[£Mi] 

<P p = Q,<P r = aE r <Q 

W p = bM/p 1 >0, V r = bL r < 0 (39) 

mmi] 


fp r = oE r <Qi P^-0 

tp r ™ - bL r > 0, <p p = 

0Jtfc,MlW 


<p r 1 


' 0 - ' 



. “h — . 


bM/p 2 < 0 


?r 

-<Pr 






(41) 


$(p* ,r*)=0fr ¥(p*,r*)=0 

<P(r,»=OW Y('r,p )=0 

®xi^(4i),^OTli(iT^ i DS&MWiup’* ,r* )m 2 

554 ^i±S^*£^a6.7(Oiech)«JgffWH^^.0Jffc™#H6.3 

[M6.3] 

(ii) 

in , imi (38a) , 

F=[ I + (G~ T)]~ [(Y - T ~ C) + (M/p - L)] (42) 

Wi±*flW^-^ffi^(42)W#JiC.^ffifflAk E rk ) f(1973¥)K(»#,flSfi^ 

j^*f#WfB®3S^w^tti&^ ; f«SJto±(M/p- z.), ap(y - r - o + 

( M/p - L),% * Akerlof ( 1973 )% ( M/p ~ L ) * “ & ". Akerlof £ 





3 = G-T)M&ms 

ffi#*i*&Sf. J + (6 - T). 

lit&#l£#^(42)W$£##^ji;!£i'5cW( 5L Drahicki -ft! Takayama 1979), {fl 4l 

mi E-C+ / ,&(42)&^J* 
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F=E+ G + {L~ M/p)~ Y 

e® k=oF,K+« 

t = a[E(Y-T,r) + G+UY,r) - M/p Y] 

= p(r, p) 


(43) 


(44) 


% ^ (38a ) Ifctt, ^ ^ i± ® T - W ^ J&. ^.h ® W it ife, 

»MM^M<38b)« P Wii«T: 


p= -b[L(Y,r)-M/p]^<p(r,p) 

^(44)»(45)Mffl^WM = ft'iitgflT#*“«jEM^S 2 jff rVAM’ 

^jaew^it^wsie^flrwift^.w^rKCr,/.), 

<V 

= a ( E r + L r )<0* ^ = aM/p 2 ^>0 


(45) 


/V 


= - 6L r >0, <p p = ~ bM/p 2 < 0 


(46) 


p(r,£)=0#I ^(r,/») = 0 

#1^(46),Olcch W£S,#?#1^ 6.3'. 

[«6.3'] ffi^#*,«tjEW2^aeW±5j«f^(r f ^)^-Fl»fie 


6 . 3.3 tt&mxmm 


356 


£ Sobw(1956) cal ^nS™n(1956)lSfBW^ft t JiSfr t )-A*ft^^S!^ f 

Btsf—mifiSia w ©sf . , 

Y=C+ I 


Y = F(N,K) 
£ = I 


(47a) 

(47b) 

(47c) 

(47d) 


0 60 


► 269 


N/N= n 




270 


357 


C=(] -i) Y 


(47e) 


A‘g(47 fl )f^^n H n m-^^±iJff,C47b)^^^M^^lg^ ! (47 ( ;])^5£A 

n aRM jj wtiisif k *, (47e)ig>if a /n m -I- m & sp#&ji ta* *? . nn 

(47b)^(47d)tffi[n]-^^(^)W$^A/K^^A?S^M.,ifntnA^(47b) 

m 47c) + feTfi Mi 1«J fa( K )Afa£ A®HI . timiLU7)*MT$i 

faAA- 

, (47b) njW^^A 


y = /(7)=F(] a),- ft 4' ,y=^y A (48) 

xMymBifiM k, 

f(k)>Q,f(k„)-kf(k)>Q,f(k)<i) (49a) 

/(0)-0,/(0) = ®^/(«>) = o. (49b) 

WMm / = 7F/7K(»fa&fcfa&)*n/-*f ='W7N(£Mi!l^A 

RO), & & ^ Rtit 3 3 2 F/a K 1 < 0 V F/7 JV 2 < 0 M ,/'< 0. 
iii±A^(47a) ,(47b) s (47c)*f1(48>, njmM 

f(k) = Y/N = ( C + f )/N = C/N + K/N 

^j-)i'@f,ia k=K/N fn(47d),W k = k/N~ nk, Sjtt&TOiJ 

k=f(k) -c- c^C/N (50) 

fcMfaSAA^A. k - o m #is & >j as. )knn 

(47a),(47c),(47d), (48)ft (50) nT® , N t K, Y , C #1 / KJt ?t0 

fa®** 

ft Solow — SwanM* ,jffijtaT(47e)JB A^£faM&{+,M^S 

r - ^4iJ ism, A® (50)^[J(47e), nj# 

£ - sf(k) ~ nk = f(k ) (51) 


ikM Snlnw-Swan fr£«KM faS^&^ig. £££#£#;£(51)1* 


sf{k*) = nk* (52) 

4-*(f;*°)^04>A®(51)W*l,S+ *°>7 t=t° ff't* fatH. 

?'(**) = */(**)-«< 0 (53) 

« r >OB>mjSSJE.lHt£5Ea6.3,lFft- > h‘HI-M r >0£Srift£^8i 

A£fa:KP,Ai£ 6° ^M{ft(HII 4 °>o),3 k* > 

¥ 3’#1 & iff Jr.%■ 



0) . #ft(53 ) Solow - Swan k * Solow - Swan . 

-tft -k* 

Solow - Swan ^Hft(53)ft (49)~Fim'i2.. 1^1 6.6(a)ft ;^'f1 : (49 )T\ k " >0 ft—ft 

ft, ?u j rftssij &# (53 

T k - . Rif]^, TOi£J£ife^dJ, M k ,J < k* , M K SSM|S| *E4fcM 

±ft;M£ U >AMU] k k yy ft -M £° = k * , 

[^pil 6-4](Solow,Swan) ft ffil #£ 3=1 ft) PH&T , ft ft—ft* ft—ft) k * > 

a, H % k a >0, fti■ 



~;i t ffi n <t 3 7^-ig 6 .4 &.*-&- 

i &—A ft ^'] & Uzawa( 1961) & Takayama( 1963) 4fe -i.^C3SL. it ft ifri£iHl 
■&& &iz; f Takayamaf 1972, % 65 - 68 t). 



§3 6.6 Solow - Swan ta^tltS! 


6 , 3.4 £=F Phillips 


^“Phillips &*%’%% 


jr-/(ii) + a7t e ,/<0(#J.l|# /<0) 


(54) 


J-tft 1 , 7T - 




.1.01 >! 


K£fth u — Jf 1 





j {u MIMT Mftlftl Phillips ft m Phillips, 1958) MW #, ftft / < 0 & 

jtfiin t) . j® ^ PhQiips ft^fti 

Phillips ft at ft M/T ft IH 6.7 ft,XftW = 

/(«) J ft mt & tft Ik ft ft ■- o ftj ft % - 


■$■ 6 y 


m # % m & #& -■$ %l #f & ffl 


► 27 / 




B6.7 mAcPhillips 

: 301 

jr e = ^(7r -if) (55) 

aw ttStiaHfl!BIJB^(R'>o>.>iS,in* *< * J'J 

mm^. BtuuM* H 

' « sis. * to s ft it m ^, s: fn ® 

a=a,^fllt(!i|tft^(54),# 


7T ~ OX* 

mm & (55 > m (54 > t -rij w nm ai 

k = qjt* = a (/&r - /37) 

= /3|ffJr- [ir-/( K )]| -^j3[/( M ) -(1 - ff)jr] 

@MnT# 

^ = /3[/( « ) _ (1 ~ djff] (56) 

®k= o,^ >rffina.jr*wr^T^^: 

0 ~a) it * =/( u ) (57) 

n(t ;*r°)fft'|fri&47;i*K«- 0 % x tt* 

^lURttTa n = l,»lJ jr/(T) = 

0. Silt JP^fD 1^3(54) 7 Phillips a 

^.60fMKa^lfei® « #j*/k [3L] 
ftg Q ^7 o ftn ^, bjj o< a < i. jifcHf ,*'m 

je jr*=/m/ (i-a)'.^&H 6-8 


272 b . 

* r &&&&&& ■ 






.JJMJ ^>0,tt 7T c £ ; ^r°) > ^ * , UiJ *< 

0, IT RSnfl'^SlIt/J?. ^ 7T = 7r “ , IS® 7^(56) ,7T = 0,@jtfc 7T f =0(E^^ jt = cm *) . M 

jitS(55) M-fr-mih tt = jf (-'M). 

Friedman* 1968)ft*fg a M£Sifc±--£^T 1. ' 321 )M H Phelps 

d%7) wmib -a. a = i cm 

70 80 ‘Phuiips ssi” 7ff 

) = 0 w’^S^fcilk 

^ r^" 

= Phillips 

^(54),®M(0H K = K? 0‘f,/(«*) = O) i ei^ft I 4 J J o = l.®MfltlM«ll a= 1 
nr M#*PT ,£fc8H *, # rfi 'ffcSPiiJH£^Wl£ftX't^i^J@E^iP 



I?. Ula! 


35] 


&(56) + S<J a = l,m 


7T=/?/( II ) 


(56') 


M,M/<0,W 


/( u )^0 )l i? h5m* 

a#,(56')^sm3iw^tll^ife:*l^ v< u\aifc^ tt KlatMMJi: 

31# ^ « ^mi)P. ffl m & tt m £ tt ASOfj Up j* ife#. :1 



&£,!$™$Hf|rffi6.5 +w^ife. 

[*fi6.5] M Phillips ®«^(54)fniSJ^feMM (55>#£, a 

ffe.»a ***-¥■ v, m 


.t 271 




(i) =/(«>/( i - a),^ 


364 


3(>5 


* ^ ( 55 ) & ft tt«»a mb m si r st m. u m&mmiji£'”n& 

PJ T4li J . Jri #iA A4AMM& AM W 3S Wtt-3£ (SP 0fSH£f*3 £ 

MW). Frank Knight 

m M X T E #■ 1 A -A“ W &'”, in % K tf1 ff“ 1 M £tt; : ” J&&-4 tit# W 

f#£,WUw 

Millon Friedman Alt M W'“ ffi ± A 1 ” &<J $L£. A '=f ft^ ® ft £ A £(bJ K £(j 
WlS^fcfjji& Hoover(1984). i£#fl Hoover di fill, fit) 

ft±X I ”*!"# ft±X Q Takayama, 

1986). Von Neumann - Morgenstem A Sit A M l&i Att 


ftfl^tft AXAiF] WAiiMAA Fmdman |g AMWXik^AlF] (ft 

II SAM 

MAtkAAiM#imA£,Hfln Phillipsit££!£#£« 

tt.«n “* tm wtn m 

it^#««A^”(Hoover,1984,62 K ). A£ H , ftSWS® ± AA I , 
Modigliani{ 1977,6 A' : 

MREH( M i® M $ IgHO* M 

M‘‘«ASAAJI£#4£AM.Saiscnt(1976)Am4«« 

?H£MA. 

£ A£. 

6o w a , Phillips a^ a^^ a^ & m . 3 ft w ^ 

#( 0 A 60 ^ft^SS)-*^ A:$M^At £ifii£i6AiAMi$Mt¥ 


MhSJfA Phillips 


philips 


£ :*HnrW&5&4Stf Phillips 6 M”£llk$»^j JlftA, thrift. 

5 % & - t 500% (#£ W j£ A 4 W, A ®$ afc £"A $ #) ? £ 70 » 80 Aft t £ ife 


j a m m ® m m a , ^ u m 1 a m^sij phdiips 

A. Phillips 


i^£M3r£W#T ■ 
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6,3.5 Tobin Walras - Keynes - Phillips’^i^: 

Routh - Hurwitz jM&fj—'HSiffl 


Tobin(1975)^ii. SHfl# IS- LM %M. 


366 


Y = E(Y-T,r-*') + G (58a) 

M/p = L(Y,r) (58b) 


K+,Y = j te *,E = ^ttKS,r = i S.^J4i,^ = BiSSM^-,T = ^1!c, 
G = , M = % rfj , p - , L = £ rD® #, G , T, M fg&^j 

M.^(58a)«(58b)M1S^^^Jit^ Y^(32)«]£M|I|,|&7 ^ 

*, ft js£«a^£&. rt.&\ r - * -ftuss unm . 4u ns 02 ), m aim 

^^lfc^ii]j;(34)©UJ,i*ME, MtinLSLtoaE/air-if). 

Tnbm(i975)tm mm 


«7bEM»Jt7 


y-a[E(Y-T,r-ft) + f;- y] 


(59) 


* 


367 


£+ a X} —ihft'] J ft. Tobin(1975, tfc 198 '#) ft & 

“j&AtffiJ7 Keynes MM: ft ftffj T.ft #MJ§d*l;£ tfl, IW 

,(g£ &fi5flj Jfe&£±J 7*!|«gfc $ [fli &&ftT j , ^ (58b) *M#£}<J 

( rS^(58b),^ffm 

r — r( Y, p, M) 

r y (= f bvay) = - Ly/L, >0 
v (= f V/7/0 = - M/( /> 2 L,_) >0 

ffiJfcWFj^AaSSfcD: 

IX Y,/>,ft)=E[ Y- T,r(Y,p,M) -7r f1 +C 

Di (=7D/7 Y) = E v - E r L y /L, 

D f X=‘lD/3p) = ~ FrM / pL r <0 
H 1 f(= l V)/dnr)= -E r > 0 
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A@ -s ^ ft ## 




D y < 1 

i? HU = >L 


E V <1,$OT Dy-1 = (£y-l) - 

ME D ft A(59), »!#«&&« MW 


Y- ff [D(Y,/>,**)' Y] (60) 

if — /?( jt - »Y) ,/?>0 . (61) 

&ijji£(55)*. ^ Y* Y* ftSXtiat'F 0 

, xum Tobin( 1975) g ft Mips 

x{=p/p) ~ y{Y ~ ) + if (62) 

y*-JEWmfe®ft(60)^(61)flI(62)W^r@fflJllftT Tobin(1975) 

ffctK WKP( Walras - Keynes- Phillips) ^ 3fe ® in^t^(60)(K)^# 

Tobin *Ik], Tobin 

(61)#1(62)* • Silt,ISff] WTobin w &SE U 0#Ml 

^(62)ftA(61),oJ# 


k* = py(Y-Y*) (63) 

368 ^TWJ&aff,^«^@(60),(62)fI(63)St^T 

®.iiii^(60),(62)fU{63)^ Y = /, = x e = 0,W# Y,pMif 

Y= Y*^fl ^ = t»(HjJt *= iP).*tt£ffi,£*9«b£ 

^(60),(62)^(63)^™«^ttft > BTf# 


Y" 


ra(O y -l) aD p ~ aE r ~ 


Y- Y" 

P 

| ^ 

yp * 0 p* 

1 


P~P* 

k e - 


1 

$ 

o 

o 

\ _ 

1 

-V 


(64) 




Dy,D p fllE, 


A 3 + flj A z + a 2 X + a 3 = 0 (65) 

dj^-trCDy - 1) ,« 2 = - fl7(D^ * - j3£ r ) 

« 3 = - aftyDpp * (66) 

Ms Routh -- Hurwitz 6.9 fR&f# (24") ] * lil 


a I >0,12 2 >0 , flj >0, ci] fl2 ~ £13^0 


(67) 


27tf ► 






^ n 2 t3b Dy<l D,<0 nTfcl&tt «j> 0 fll 

<i 3 >0 $?)£. flj F(tll^#,a 1 rt 2 - a 3 >0, PjTT^lS 

* -j3E r < - /3Djr,p */ 0 (D y - o ) ( <0) (68) 

TH^n McDonald(1980,$ 830 0 OJb tU WTobin > M''£ 

Tobin W^fKl975,S 199 HI) 

D,y-£E r <0 (69) 

ffJ^TO3Nlr&6.6 

I$S 6.6) Tobin £ft 

mn 3 pifl -nm vmm +, m^mrn^ w w 

mw,w «■=«".tj&,jS:( 62)4^ y=yM^jit,^M^®4a^(^s: 

(60)*1& y- Y* ,P = P' ,^ = 0,of^ 

V = ff[D(y .p*,0)-Y*1 (70) 

it^,TtD«iji:afnfr 

D(Y* ,p* ,0)- Y* =0 

^ D^IJ(Y* t ^ ,0),!®HtlS^(70) ( ^n^W»aUSife:iUim D* > 

y\y ftfifimHBUB tx;^^D‘<Y',Y^ mm ,,%n%* = 

wo ^-,(70)^ vmm& 

7r = *r -a y«y\ 

r h t /jc ■t (y) & & 7T- a # & _« t- ( y*). m m. * & &—^ ^ t&. * ft 

m'6i K, y«)A^«{iY^i:fhi:^.^T:MJ&ft-lMT Yfa 

Y ^PSiJKjdcTPUMtfLiimfr^. 

“FlflfJ^Xt Tobin ift WKP»». 

i^,®p n aW)JjP±TMi"M1S«(61)^(62).Mi^^ScSmM^^ 

Tobin Kl WKPM+ ,OT& 

,W^M(60) ,(62)|H(63)W^m^^litf fc ^.ii®»lit 
K3L&m Jt &M#JlK , * = ^ - 0. 


§6.4 HW^IS'fSiaTWSff^Sg 


ii 


iSn n D n”r)WIil ,, ,ff)^f^lIi^6.3.l 15rtW(3i)7pN,S 


* *• 


4 / 7 * 4'^ ^ 
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37f 


am~s n mm-M ftt m . w =p & w m 

. 3l#lWMM T Olech ZMX&M 6.7) Iftjsfl!. 



,m& .t ( = /-'.-(P!, p 2 , p 3 ), i=i ,2,3 ,*ji*sb f «& we 

$ ■ jt'tJ9r^T P , Walras M rT W -§j£ 


P l F 1 (P) + P z F 2 (P) + P 3 F 3 (P)= o 




F [ -(Pi,P 2 ,P3) = F',-C/>i.^ 2 J )[=/,(/>!. Pi)].'= 1.2,3 

A ^pyp 3 , £ = 

/J; = i;F,■(/>!,/) 2J l)f=A 1 ./;-(/>i t /> 2 )],i = 1 ,2 (71) 

)iM*, -w.mittm,i=\a wmm 

(K ^ 

F(/-,* ,Pi A ) = 0 & f,(px ,/> 2 * ) = 0, i = 1,2 
m(7i)M-^«;.®s£ *>* = (K 

H HU ft *Afc ■^ & £ E U i fS , M mm Walras ft M ,% 3 * U 3 iti ft. 

&^ F ; (p), i= i, 2 , 3 , , mm Euier 
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A^ + Aj— (cill + tl22)i^l^2 — a ll a 22 a 2) a i2 


m r b ■ a m •* 




(80) 




A i + A 2 = H ft rt, A i A 2 = -fr ft I H 


(so) 
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mM ,- SIM (80')fn£a 7.3, m W\% ftfc: 

[£317.4] 

(i) iSMMiE^J^g^ H ^Jl<0 tLfr#>J^ltfl>o,S 

m H %($)#&&%&■ 

(ii) M ft& ^?T^J A H <0 H, %!$&&&& ■ 
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H: 6.5 & . &£ ft r&ii % £«.# 


a : ii Jjt, Sift ft ft £ ® fi iifr '^ £ tft «. A ik ft , It A ft #« £ 1 1± jt 4ft & ft ■ 
jLdb Sargent ** Wallace( 1973)ft — % f & ft A.+ t ftM , # i£$ A ft t & 

$M*.4ti4ft &£ Jt_h# i# ii-SLfc. £ *. (Hi'# ft-* 3 1 &#*.,&. 


p—H ft fti., rt I H| 


« 


/)=a n + a 22 .q = «n«22 “ “2i“i.2 

/»ft 4 ~&m% 

A 2 — />A + q = 0 
A 1 ,A 2 = y[/?±v / p 2 ~4(jj 


(15) 


(16') 


& ^ 2 - 4 s = oiift£W(p, ?>»£</>-9 
7.8).£M^W±iftE)^,/> 2 -4^<o,M£^.#iftftM,lft# p =o»*ij 

/« = 0(|5|B'J- (j>O)0't,^«fi + ^.S -ftlfi. 




p<QRq>0,%&&&%!(ft 

y =o^H4. 

7.8 +#&*£» IS Itf. 


► 309 










^6 



0 



P 



® 7 .s mtmm*, 


§ 7.4 im&mm 


7.4.1 JFMUtWSSMT* 
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± = fi(*, y),$ = fiix,y) (81) 

f\ m h ®a-^,gj£ig^C8i)W-^«fj^, w 

/i(0,0)=0SAC0,O) = 0 (82) 

) ,K 1 1 . 110J 

409 u mmmmj f /, u. 3 -) ■ m f 2 (*, *). &x 4 # 

i-anx + *i2:y + /i 0 (^’.y)>j :=a 2i^ + a22;y + / 2 0 (:r>;y) (83) 

Jt+ an^/KO.O)^ = l,2.lfi» /i°(a:,^)W / 2 °( *,*)*£ 

310 





(84) 


- o(z),f 2 °(:x,y) = o{ x = \) 


siM 0 ( ~ );£“ Landau ft'J o", HP 


A 1 * -Oit,o(^)/|; 


0 


/■ l °(0,0) = 0^/ 2 °(0,0)-0,Uijlt(0,0)W<ftJ&(83)W-t±Siat 


I- n-rr l 
t J 


jlk> 


«ll«2 “ a 2l a l 2^0 


(85) 


Almost Linear System). (84) U^Wi .U #1 h 
a 11 j: *■ a i2.y ^ a 2i :r + a 2 ?y i£fSl ■ 

& M3h (81) 


x — a ] t a.' + a l2 y,y — n 21 ,?- + « 2 2 L 


( 86 ) 


K4 J « y I&^(83).^(86)W^ t ?(8)ffi|rTj.M#^ttf^l(8l}t«^tt 

w. [n 

[£3 7.5](Poincare) M(86)MM(0,0))i^ 7.3 

#j£®KISiJ^:-(EjJ‘fff«(a)lKl^^*,(b)>f-^a,(c)W^Wg«), 

«(81) £(0,0)£(0,0) ^JS -f-M- -ft&m . 

.r m y , \m&w f%jc, y )m 
/% jo , y ) w\\ ^ a % mkfc ra ® w m & m ^ s , s m 

w , fi ; j ■■£*£— , & iii-;w;M. 

& m m m & w w, ‘t* r& m itw & ( m%% is mm% m ). 

(o,o)^*(8i)^-'t^if^«#^-^^ri&.(!n^(x' ,. v *)^(o f 

0)^(8! )D(| « m v$lu = x-x*& v= y - y* ,'J${8?>m 

U7j 

ii = «II w + Oi2^' t- /( (u , v),i> -a lt u + a 22 v + fi (a, v) (87) 

■X :c f J J* (n , v)=f "(u + jt 1 * , i 1 + v* ) W f% ( u , v') r =f 2 ( u I x * , r + y * ). S 
& . (0,0)*(87)ft!—A M.ft (85) T Mi W . I& T ^ .a, y & W 

Htf, $ n h & w m tt & & n -i ¥ m & «i -. $& m w 


Ts >j & m si > n sj m. 


% ft £ a 7. 5 , n*im 7. & »r ,^jp ^ id . 


£■ 7 TjS -?- ^ t# 4/ j? fM ffifc It- ^5 # ^ 


► Jii 





[£JS7.6] = 


. m (86) re m- , hp 


a ll + &22 < '^s -fn ffl ll<322 ^2l d I2' > 0 

tfe-E(0 ) 0)M^^iii(8l)MM^M^II^tt,fr^(86)W^a^(0,0) 

0 jJt, iu * D % |2 w # a!'“ ft tt # £rIff i5T (*9$ £ IS, ft:9 ft £E £ ft), J*l 

f] %mm &$&*£ « a*® m ft & w ms , ^w * § s & £*» £■® »■r m 


7.4.2 3E ^ 14 ^ ti: Liapunov jj[8c/£ 


Liapunov Jg“ ifrfifei&jiEftjil; Liapunov(1907). 

^A i )fpE f ^^^^^“S®^ ,, .ift^,Uapunov(M)^^^r~-tM 

ffl'£, \m&gmmft&. 

[tlT Liapunov n 


± = /( x ) 


[ 12 ] 


£gfc<88)Ji 





. n 


Wfflf ^. m&£(si) , Sift 

/(0) = 0 (89) 

Liapunov VU),£* x & (88)*£(&[, 

l^a 7.7] (Liapunov $&#£->h*Tig&(88)M£ftfiL 

(i) *tJ9f# x^0,V(x)>0, V(0)=0. 

(ii) *f0ftf#!£(88)ft| u-,JV[x(OJ/^<0. 

(iii) S I x || , V(:r)^°°. 

R'J -r ' - 0 M,gP(- 
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■ &X&4'&fr4rr*$k 






* (S8) ^ tB - IE. V(.r)## 

%$#£x x* 

'}%n&n%L'}®- v(a:*) t it#it^T^*r-^«^ x* 

x «3g0-r* ■ 


rf& VCx)ft:^LIapinovaft.MJ£H7.7 
®3SISi^iEEW-#^317.7 W-^jSlf#,^ i - -.rVe R . 

gE#I Liapunov m%L% V( t) = i 2 Jf rtfi Jtt(i)fll( iii) ft M M 

.r/o,^= 2 tf= - 2 * 4 <o. 

iJS Hitt,^t$L&(ft - 7 +, fJt511 Liapunov 

3e.*SM,*-^mS^05151® + Liapunov M«H$L 

W&l&usffl Uapuno7.8 

immi.s] tit v(^ 

V(x,y) = or 2 + bxy + cy 1 (90) 

mnm v(o,o>=o,s 

(i) a>0?U4 ( jc-6 2 >Olft,^M(^,3')^0,V(^,3')>0. 

(ii) a <0 ft 4«o - ft 2 >0 B-f, tfj&ffi (*, .y)^0, V( j , y )■<0. 

i££SMfflffliDTM Boyce ft DiPrima 

( 1986,507 ntmm?%T&w* 

± = - ,r - jry, y = - y ~ x 1 y (91) 

$m/fi^$n<90) m Liapunov ®£t 

1iU-0.$lJ;MW#(*,y)^(0,OM£ VU,y) >0, 7.B i &M4i 

a>0ft c >0. ^ II ( :r,y ) || -*°°Hif-tk# V( j )^°°. itf—#, * T 7> = 0,^11] 

£' V x =d V /3 .r = 2 ar ft V,=<7 V/3y = 2 c?. Hitt, (:c ,?)ft (0,0), 

V(x,y)=V 3 ± + Vj 

— 2ax { — .t — xry) + 2 cy(~ y~ y: r 2 ) 

= - {2a{x 2 + x 2 y 2 } + 2c(y 2 + .r 2 jy 2 )]<0 

MW y(^.v)iJ$S17.7®4‘M,PiW(o,o)MIiM^S?l. 

nmfcm u 

# t#im (ft K # ,l(l M ft «PliI:fft *f« & M rT # ii 1 £ftM ■ £ 

S7.9 

w [^17.9] vujfn- 

- -. - ► SJ ? 







D,fr: d * v(.r)<k, n.ft^aitn'F+i:® = 

Ci) 3'ffMl x^O, V(x)>0,Jl V(0)-0. 

(ii) *t0p£iiJE£(88)A<J x(t)^Q,dV[(x(t)]/dt<0. 


7.4.3 



1=1 




Fl lH 


m (88) & a tt4t. # jscjfet c ® m & ) *t & /( x ) fa £ ti m ?f a, wr 


.i - Ar + n(.r),-S-4 3 A = L a,, ] 


(92) 


a,=df,/3x } A Mi j| ; of JfF( f(l,M,£ ^=r ^ 1'V. Jij#f ■ 0 


x — Ar 


(93) 


suns w it ife a fi m - * # a- g m #m-is. &? & ft m m m & 

7.8, nmsijanTsE# 7* io 

[£ffl7.10](Liapunov) M r * =0 *f£Stt££fc(93)£B££l(j 

x(^r- n , 

* 0 ),^ t-oo^is^ j;* = 0 ,M^ 

*T£ Ji« . &ffi,- R JMn3t jk T Liapunov Sft#& ( £S 7 . 7 ), i£j£ 
TOlE^V.^M^. Kalman^ Bertram(1960,383 - 384 H )&&T ii# Wi£ 

m. 



U5 


&3utf w w = 

( 1 ) 




(a) J~ =3x ~ 2y,y = 2x ~3y 

( b) J; = 2x ~ y ,y = x ~ y 

(c) x - y,y-2x 

(d) ± = x ~ 4y ,y = 4x - 7y 

(e) x — x 3y,y = Ax~5y 
(0 x -3x ~ 2 y, y = 4.r - y 
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a ± 1 


M 

^11 

Gj2 " 


j j 

■ 


■ a 2 i 

^ 22 ■ 


■ 


(a) 4" Aj ft A 2 ^^tiE{I-^ p^a n + a 22 Jk g=a u tf 22 “ a 2 i<i n . 

0) mm p ft <? A, fa a 2 

B 1 )fq(A 2l B 2 )MJi^T A! ft A 2 Kltt ft*. 



(i) A : ft A 2 

go a, ft 

(iii) A, ftA 2 £SM(W£M$0. 


(iv) a 2 ft A 2 
(c) 

o) 


— x + y, y - 4 x — 2y 


(c) i 


x — c x e 3f + c 2 e l1 , y — — 4c x e 3 ‘ + c 2 e 2t 

t =o,x= i t ^=i toftf.c, ft c 2 (^m&0^ 
(4) #jgt¥ffi±fl$iTi£i6& 

± = ~ x+ 2y,5>= ~ 2 x~ y 



A’ -3x ~4y,$ - x ~ y 



► as 


[l]«Sffiff«*,ffl*(!t3c, = c 2 = 


— c 


n 


oh*. 


CiX 


Cl> 


+ 


C2X 


( 2 ) 


+ •■■ + 


$ 7# 


jp if# # tit&x- sf is # m & # &t& 
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Sfcci x (1 \ 

[ 2 ] :^&i$ ft. 

[3] leI+ZL-$+W^J6.3. 

H-SJi 


n 


£' i = 1+^t + #7 + -” + £ t + --- 


1 ! 2 ! 


rc ! 


* 2 . z + 


2n 


Coss = 1-^7+77--+C-1)" 


2! 4! 


z 3 z 5 

sinz = z ~ — 


(2n )! 


+ 


+ (-!)" 


2n + l 


(2 n + 1)! 


+ 


&ft,z ^r—z= tf, 

Euler . 

[6] iSWfi5i Boyce ?tl DiPrima( 1977,313~315 St}. 

[7] ®^aSBUSfW^fllS Simmons( 1972,280~282 ^). 

(x, y )*mi£A , . 

[9]u)ftra*nT.M 

=Fq = A 1 A 2 ,A 1 5 a 3 &^^Jx,0Jifc(O,O)Xf-®i£. ffiSJfi,ftl^(0,0)Ji 

«a,a, m A 2 x?#^£&{i,0jtfc ?<o. 

[11] jfcTi£^Hlft^i3£,J*L Simmons (1972, 325 ~ 327 M) t Boyce ft 

DiPrima( 1986,475“ 482 IJJ.jSJS. Hurewicz(1958,86~98 j£ )ft Cesari(1959, 
156—163 J^). Cesari( 1959,159 M )#i^/E:8!Xj “Poincare &tl £ ic £r tfe ”. jlt^K 
SimmonsC 1972 ) T It Hi ^ S* W |S[ ^ W ^ 5^ te 

i£. ^7 Poincare, JIL Simmons( 1972,346* 349 jll) , JtT 1 Simmons iil: “4 20 
ItSIO, Jules Henri Poincare(1854—1912)£*|Mtt ftgc ftXcW 
#^£.”(346#). 

[12] i£^tf5tS>I^;itKl §®{Auto nomous)^tfc. 
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.f: = /( r , t) 


( 88 ') 


. uapunov i# a . 

[ 13]il^' / h^fjt/l^; [=| Kalman Bcrtram( 1960) , PPJjit f 

t&Tll Liapunov . if §?fi “T ffll ftft H l)514# "Rt(L4j >tf Liapunov ff. Ik 

ffii £.mHa , JSL Ufschelz( 1977,112 - 122 K), Simmons! 1972,316 ~ 322 
H); Boyce 5ft! DiPrima (1986,499 ~ 509 fc ) Pontryagin ( 1962,26 ff). fs JtL 
Takayama(1985,347~ 358 jfi)^ Henry(1987). 
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Poincare 


1 



LiJ 


ILA 


to 


n®&% 

Y = a[E(Y~T,r) + G-Y] = HY,r) (la) 

r = b[L(Y>r)-M/p]=<p(Y,r) (lb) 

, Y = r& , r = , E - MiP±« *L ill, G = «£* , T = $M 

. #& « fP b rfrM1£ rfi«#)«M - 



r*)~Ofr f(Y‘ ,r') = 0 (ft|(y* 




m sit 


► 319 


f 




&20 


ISf«LMM& 5 ££. 

*f#r#65 Y HJr,0<AV<l,£ r <0,L y >0,L r <G (3) 

K4*, E y =3E/3( Y - T), E r =9 E/9 r ^. $;§, fHfl «Ti+lfftXtJM65 Y 

fllr,W 


4> y = ci(E r -\)<0,<p r = aE r <0 (4a) 

(/> v = AEy>O f ^ = 6L r <0 (4b) 

Jt* ,^y=9p /3 Y, ji =3 Y/9 r ^ JB flMft gffHiff 65, Ml 

4) E r = 0,Hilfc 0 r = O.£HEStM4P6#T,W L r ^-«,0jt^ r -*-«>.Bjtfc,*t 
^ r = OfP ^ i s v<0,^ v ->0 (4') 

jam t =o ^=o ®^65M^» 


dr 

dY 


11 = 0 




a#,*m(3)T,(^=0)fBi^|p|Tm,(^=0)ffi^r-l±«^ f ffl8.i 

S#65^ife:(^-0)^65^ii(^^)Y>0(^ Y<0),(^ = 0)M65£& 

<i££j&)r>0(>$ r<0) [21 . 



is.i 

Y=r v (.Y- Y")+*;<r-r‘) (6a) 
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r=$y(Y- Y*)+^(r-r*) 


(6b) 


i‘21 




X 2 -aX + p^ 0 


&* 


A 1 ,A 2 = y[«±v / ff 2 -4 J S] 

ScffMSSiJ 

« 3 - 4/3 - {n + <*; ) 2 - 4 (^^; -wn 

= (r Y -4>:) 2 +4^: 

i22 

= [a(l- Ey)~bL r * ] 2 + 4ofeLjE; 
a<0,A, ft A 2 7F«MIS[.a«l^ a 2 -4/3 = 0^7J^ J ffift(^ 

(MM 7.5,Poincare ) 1[J] . ^ 

[ a (1 - Ey ) - bL/ ] 2 + 4a6L yE r * <0 (8a) 

m, *£&— ; sum 

[ a (1 - E y ) - bL ; ] 2 4- 4a*E;L J >0 (8b) 

TO)to&&(Y T r),£*(Y* 

E r E, = 0 

#ttWi8&fttt£)ft/&#-“^Smft L, L - - 

B^.lStt^JiSlCW.lfti^ L^-^EJf.LMffiM^W. W S.im^T)k 

oiech . 

l,<£* L r = OftSA’* 

m ftft WffiXibM'- 

bMv 

► 72i 






ffls.2 


=:ppi 

8,2 >\* Mmm . 


§8.2 Scrfi^ig-fc-£-§&# [4] 


@ Tobin JH&H4 W (1965) '$%; fp^A Solow - Swan t# t, 

m ”m m e »Aimm. & M^in waas tfe# wi?,4. 


8.2.1 


SfeWlt^-M $-( Y) , ffiffl ^ 


y=F(N,K)^ y = f{k) 

(9) 

KA,^y/N,A-K/N,®fnio±^Tffi't^e^;: 


A>0,/'CA)>0fr/CiXOt 

(10a) 

/'(o) = «,/'(«0 = 02 i/(o) = o 

(10b) 




?22 k.. 

J-6-6 r ««*rtww& - 





L(pY,r t Yr) = l{pY,r)V<r 


(ID 


M=l(pY,r)W n (12) 

; I =a//3(/»y)>0,/i=a//3r<0 ) 0</<l (13) 

4 z an z^p/p= 

r isr#». % *«ai (a nm mu a m ?< 

m w,w) - &#, sfliir 

r = /(£) + ?r (14) 

W"=pK + M (15) 

m$ Tobin( 1965) fll ft £ AT & feM «, &CI&»& T&$J&A ftA#jT ft 

«#OTtjMfcMW&TAT py ftw’g-tftfmiSfr, 

m = /[/(^)>/(^) + ^](»'' + ^) (lb) 

&<p m=M/(pN), A#J. Siff] FT#0 6)M j£ 

m = 2 (k , x )k , ^ ft A=/ <{l-/) (17) 

M«/i>offl / 2 <o,Hm L61 

A*=3A ££>Oft A,=3A &tt <0 (18) 

ft-MM, K <0 ft & 51 h . A 

ifijJflSrTin ft ff? iA ■ ££( _ tt ) Irving Fisher )?f i&fHlIrE*ft £Kj3£|^l((t 

4 C flu 

y=c+i (19) 

( = Y-c)g?ti^3(£-^ffl^«EfiWa^.^a^.-KK / S£iJf!iiHTO{£ 


ms* & s xu$mfrisf ■&##■& msi 


► 323 




(WA^MA’’Y" ft-'MSlSflS^.HP 



c=u-s)y°,o<.T<i ( 20 ) 

At# f mama” 

Y°=C + W ( 21 ) 

^ W=W*/p %W J, = pK +M,mi% 
w--^K+{d-n)M/p:^ 0=m/m. & it, S Attract #K = AiWft 
(21)MJi 

Y°=C f- l + (d-x)M/p (22) 

Y !} = Y-^- (9 ~ k)M/ p (23) 

( - nM/ph&fic - 

*3£(19),(20)*fl(23Mt# 


f=iY-(l-s)(0-jr)M/p. (24) 

J = fA®£ArmAMlt^ N/ 

n= n , 

k — l/N - nk (25) 

^(24>flJ(25),nX# 

k =■ sf( k ) - (1 - s) (8 - ;r) m - nk (26) 

m ^M/(A^.ffi(17MtA(26),M A,rT# 

k/k = Hk ,iz)=h(k) ~ ~ s)(8 - 7r)2(k t x) - n (27) 

h(k) = sf(k)/k. 

nfcMftm = M/( /A), J 

m/m = d — n—n (28) 

ttft , # c 17 ) a ,#«5>, %tn # 

7w /m = (kjt + Xjt)/X + £/£ 1 (29) 

Njifc,ffi^(27)#(28)^,TO 
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ir - tft(k ,K)^a(k ,x) \ (8 - x - n) - b{k , tt)] 


(30) 


a(k t 7 r) = A/A ff <[)|fl b{k t ir)^\ f A^/A>1. 

8.2.2 B & 

timt&m c 3o)« r c *, *) w w iki$m . ft (27) 

m ftOftM i = 7r = 0,rXa^.(*,Jr)W^^{a [s] 

* , 7T * ) = 0 fp * > * * ) = 0 (31) 

ftjfes.iecift 

k * = 0 ~ n (32) 

Wilt,ra&( 28 )£ ™ -(1 ■ &&M, ®JAtt*-,AWj 

IK3E4fc^l4l3Em^W.—fLfili&(3l)#SiJ T k'^ix* ,m £{1*1^1? 

dj ( 17)331 

m * = A ( k * , k * )k * (33) 

[ 51 a] ft*fl)jrKfiaisiKij£sr. m {fMS£4fcfftj£;& 
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&T*,ffi(32M^(27),ft&£+nJft 
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KA A ~&- n,M‘\L A*>() Aft# h’(k) = ~-s(f-kf)/k 2 < 0 [1(,1 ,^fnft 

S8.3**&li]7* fif|J&£{t.«l&F8 8.3,A 

ftfi.ftAAfftft##] h(0) = ooffi A(«»)=0,t(2S:)(tSfftW A>0,A'(A)<0. 

m( 32 ),%Mmmi s mkw r * gt-axo,* 

{&Mft#TO8.3 AM^[(1-5)A + 11 b ^ ft'FPf. & A A'<0,A*>0, 
ise AX<li£^TxK34)#ftftlile!te dx-d8,m& 

Jk/dd= (l- J )nA )t /[A'-(l-5)nA 1 ]>0 (35) 
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^^ ^M'J^^^■ Nagatani 
(1970)&# 7mU - Sidrauski( 1967 ,% 807 K)-t&iJtfRSia-j&. 
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ASfeftt^j§3IASffittSa#lW 

z — e(jr - z) (42) 

3$&*ffi>rfefl-:z.?93j 

m = A (£ , z)& (43) 

k/k = i>(k , z)=h(k) ~ (1 ~ s)(0 _ z)A(A ,z) ~ n (44) 

z = a(k,z)[(8 ~ x ~ n) ~ b(k,z)$(k,z)] (45) 

S+(43),(44)^(45)^iJA-ST(17) 1 (27)jfU(30).M^[±jT(43)£& p W 
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«(42),om 7T- * + i/e,fU(45) + t Sfnf9a 

z = a$(k , z)^<p(k ,z) > (46) 

JtS'S ft = l/(1 + a/c)[ = a(k ,z)],a< 0, ^W<f>(k ,z)^a[(d ~ z~n)~ 

6(A^)? 1 (A^)].*^^m^iT,A^(44)W(46)®ATS«ililK^^^^.^ 

K#'W£#*&ffiJS(B[l e £Wi£?),0itfc *<O.^J/3(36),wTj£0P)(ffigl!] 
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A = >OA = «A<0 
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k = Z =0 0ilij, 
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am w »;. a lit. *w m aisim ^ % < 17) nj « < #a 

*34 &#[9]). 

JT= jr(t ,m),^ 4 1 >0,jr,„<0 (17') 

m /m = jj{k ,m ;d)^8 - ir( &, m ) ~ /A 4 ' (50) 

m ®ffl(50) ,%-sHSL fn=3ti/3k ft n^tLftm ,Sfrj1#M 

!*k=-Kk <0 fa /*„ = “ *r m >0 (51) 

8.6 »i = ™um 
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&& wswTwaiw^ai jg m w**. a (si > *, bp m m m&&m 

7c m <0 &t ,m Btz, 7r, B = l/(A^),^_S.ft^ A,<0 tt,n m < 

0,&-^*SiL<Jl3 / 2 <0^.A,<0^(jAia# 

w* jra-^#BMf“anfc^" * wt»( n 

*, a Bff^a *„ < 0 . Tobin{ 1965) & *„ < 0 % Wicksell &jS. £ W% 
ft Wicksell 

ft±^&#.££ k %lm Mffl,^TS(17)^ifcJiE1^ * 

a„<o. JEina# 7 , 
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mm). 

(b) .s,^M,M£TI£I^A 

w-^HsmKi-j). 
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Tobin mmmm tbfc&m t Jin^ w. & m, je tn m - ■^ m m w, * t mn 

Cd) 6 ffifc. 

W. 

in % (a) & -#j£ AittOT M (£■tfl m «“ rn ft W ”) PJrM it , PJ @ £tt 

J^Tirtfe jfy . © ® £ (a ) ~ (c) W 1*1 fit, Burmeister DobeU (1970,185 # } ffi 
^ 5HI Hi lif tt ■ Hadj imichalakis (1971 a, 1971b) ft! Hadjimichalakis At Okuguchi 

Cl979)^*fflja^(a)^/g£$f(c)«iS^StSE,nriiJli?|8fe^ft^tt.Jlt4,S^ 

fTfc##Jglf m W Keynes - Wicksell ® T 1#£& M' A'S»TM W , &#t&Afe* 7 

® £ (a) K £T&£XT ■% ffirifc #1 MT H, BP T H ■Tit M K5E. £ ^tiTi+Xd 

fit?^(MAH ,Rdsc 1966 fn Stein 1966). 

Xt(a) ttife&e&gSI T^MW, S*r£ A?-£*S#3!rTStt«fT 

Sargent fll Wallace(1973)feMilfrW 

(mzmmn}), 

TT^SMMB[i®^g^(a)^1ffiSdT t ^r|jm^M^m^ 

wai «r m ®. w ana, mn vew ip*^=, bp m %,«a i a %mtm =. 

j&fr&fci. # *h, mnu%m w tt#Bj ^ & a \m . Mcid 

^Mit!i«T WSP n ,OT WfatW MJff SIWT 

Tin 8.2 ur^aj« ,*istp *n£ mm~mrMm*, 
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W=K + M/p (53) 

^^±^( 15 )-#.^ i %ix(=p/p)ftft4$m(iRm%m#mM%B 

M~L[i,f'{k) + k, pY , pW ] 

L,<0, L 2 <0,1-3>0,1 > L 4 >0 (54) 

L »&M&T,#$(53)|U(54), 
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m~L[i,f'(k) + n,f(k) t k + m ] (54') 

Jt+ m = M/(pN)(A^feSa^#i). 

fp m &m ®% m di% k , iip 20 ' 

A4/M = (? (55) 

Y=C+I (19) 

Sft’ y° 

W c=(i-s)YAS^o<. 5 <i.ft^#j4fe;£Mratl 

T, Y° CA/kA [21] 

Y n =Y+(d-x)M/p (23') 

«o t:^(23)^N.A|fiJ^ S.2 ^r,^m L ^®s5S^“|g^K)AaffK 
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I/N — z[i ,f (^) + jr, t 'v] ) ^i<!0,Z2 >0,0< z 3 < 5 


(56) 


#(19) ,(23')W(56)-!-j C = (1 - i) y" , njf# 

.'if(k) - (1 ” s)($ ■ 7T )m + z[ i,f '(k) + n,f{k) ^ (57) 

iiwtjisim y-f(k). 

(54')flI(57)&&(^&#$E 6 flli ffifrf):* mi 

x = n(k , m), i = i{k , m) (58 ) 

ff*<0,i*>0;inH <?-jrS0,jr, n >0,/ ra <0 (59) 

*(HiitA^m .y)tfjm»$A * mewm 
mti ,in& e - ^> 0 .A^^Kp«^^aiWiSjbin6.^1i 

a, ia -a (ir m m . 


8.3.3 Vfflfttii 


$ n *APlt^(BP K = f 

!&k = z- nk WB(57)fH(58) 

k — sf(k ) — (1 - .v) [ 5 — ir(k ,m)~\m — nk ^k (k , m ) (60) 

m> ra = JVf/(jftW)^Jffl(58),#®J 

m = [8 — x(k ,m) — « ] tn=m ( k , m ) (50^) 

3&ffi^±-^(50)ffi|Rl.aJc^#«t e,s #n tt®£®,&m60)#<5(n 

km m WTOM»Wi=ol m=0Mfe$L.& 

K*=d~n (32') 


m«fnA«f^^itf^a(6o)fn(5o , )fi()5f)^t7 A.«® ( 6 o)^( 5 o') ; a 
5fJffl(59)#(32'),"r# 

cik/rfk = S f ' — n + (1 — s) JJTTTjt, (6la) 

3 k / 3 m ™ - (1 - i) ( n ~ mx r „) (61b) 

dm / 3 k — ~ mx k >0 (62a) 
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dm 

k=a dk 
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fe.M3m69)nJ:£gm* 

dk/3k + f?/« /3 w< 0 (70a) 
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Solow^B Swan 
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1 
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\ 
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9 . 3.2 Pontryagin If i^lR] 


Pontryagin ^A( 1962,22 - 26 JJT), 

Minimize T 

u(t} 

X = y,y = u, - l<w(t)£H 

R 

x{O) = x o ,ym = y\x(T) = 0,y(T)=O (23) 

:&M(x,.y)€: i? 2 . Si in '!'[«] Hamilton 

H^- /)o+ p iy + p 2 u 
&M Pt Hamilton % 


(24a) 

y* =SH* tip 2 ,W y* = u* (24b) 

/)!= -3H* £j:,BP /M=0 (25a) 

p 2 = -3H* &y, EP p 2 = - pi (25b) 

Pi ~ <■ 1 S 1 />2 “ — £\t + t'2 (26) 


J4M c! W c 2 ® H ^ 

“ A) + /->i.V* + ^2«* = _ A) + + /»2«) -l^w£l 

MSiTO^J 

u"(t)-1,^P^ P 2 U )>0 
M * (i) = - 1 />2(0^0 

» = i0if,^(24b)^jn4 

y = l.ffi U y= t + * 2 . X)k i = yMM 


X -\t 2 + s 2 t + + S 2 ) 2 + [sj - (s 2 ) 2 /z] 


1 2 , - 


y 


+ 5 , .V—S1 - (.V2)^/2 




► JJ8> 


X “ 




M ii « = - 1, M (24b) SHTMly- y=-t + 




^ x = 



-](- i + .s' 2 ) 2 +[/ 1 + (.v / 2 ) 2 / 2 ] 
(*' 2) 2 ^ 


t — ~ A t- s ,^i — t + s 2 , ^ w = 1 Bi (27a) 

x= - ~2 y 2 + s', y ~ ~ t ‘t- s' 2 , ^ u = --1 0| (27b) 

x= y 2 /2+ s 

MI’S) ffaigjta; % 3^<0 h*, x BSatfisUift'J?. 

$£ « (£) = 1 mt IBI Km 03 , *t A£-t J , x = y 1 a + .V JM 

uU)= -i 

mm x = - y 2 /2+ . 

m 9.2^ft(i£^Mi Pontryagin^A 1962,26 

9.2 f|\ AO = y 2 /2 &AT AM ft ft, BO x = y 2 /2 

AOB D0±A,u= 

mm ao - l, 

[j(T)=OflI j;(T)=0],HPM.^ftlifi4n^tlMj^(x 0 ( /)-&ffl^ AOt l tfy 
Tir.M « = i BO,# u = -1, 

Ay°>££* X° = l,y° = «=-!.* 

(27b) A, ^ j° = 1 s'=3U.( 2 = 2^ 

x= ~ y 2 /2 + 3,y = - t ■+ 2 
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ffl{fr.££ «= -i tt*^T&#,:i[S!]j&pj& ao 3U = y ^, & &t » 

m i . @.nmnA 


u(t ) = - 1 ,05^ < t"; u ( t ) = 1, i 

SM.('^jS«^-KIftlWm. [12; ^y(/ , )= ’V3= -r' + 2 f'lftfi 

*i'=2 + ^3. If »=1frffiTSm AO,x-//2# 

« = l,«inAU;(27a)»S!l y = t+ s 2 Mit yU')= -V3= t'+ s 2 = 

(2 +v3) + i 2 . & jft 5 $ shh ft, tk& p= ( 3 / 2 , -V3)?&ai ao iijis^, 

-2-2/3,^ .v(() = t - (2 + 2V3). * 3 r(T) =0 = T - (2 + 2 V3), 

T = 2 + 2V3,0lffc T-('-(2 + 2V3)-(2 + 73)-^.^gtJt,^^^iAP^ 

Wffif jfr/3 ■ (x°, j-°) - (1,2)5ii] P A, #* 

P (N]Ji t' + (T-t') = {2 + 73)+v"3 = 2 h-2/3. 
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0 9.2 {23)ft5ftfVitt 


§9.4 





^ ^mJt-^Sifcig-fcHjSS. ii"M5]JBft 20 50 *f- 

ftfH 60 ^ A i^f ttl ii ■ A A fS] til Koopmans (1965 ) A Cass 

sisfitteas^. 


Y< C + I, ( 28 a) 

Y t = F(N t ,K r ) ( 28 b) 

K, = I t ( 28 c) 

N t /N t ~n ( 28 d) 


m i£j§ Y t =ria,c t = mmj t = &%i,F='±.^m$L,Ni = %z}}fi,K t = ^, 
»*M, ;i3] 

mt F ft (MM i£ ), JfiJf lit 

3 V-/(*,),&£ jy ( =Y ( A f JL*,=K ( A, 

p 

® n xiu ±t a m % w n a : : 1l4] 

^MA^0^/U)>0,/(*)<0 (29a) 

vm 

(29b) 


/■( 0 )= 0 ,/( 0 ) = o>,/(oo) = o 





k t = f{k t ) - nk t ~ c t (30) 

m , c t =c t /N t .m 6 

=e.^nfi(3o)»i^T^imas!MRr?T*ft. wi^oo) wseft^Riffiia. 5 b 

&&<29)^ 

U uH#£ 7^— M ~k >0, (£# 

f(k)=7& (31) 

c t = U-s)y t ,a<s< 1 

(iia jfi#»),3P4s«m(30)^nm^ 

k t = sf(k c )~ nki 

sAks) = f& s ,M. k 5 >0 

477 k«>0,WUl 

(30) AW k t Ifer-* 00 !# .ScillA W^nifc;i:& Solow Swan f#SJ 

w, m\ B&35 6 #c fyvm& 7 . 

*«; # k rjms ra# ■—t i»i ®. 5n m * m % ft %, a m & ® ra: n - 

y Ha*&it* 0 ? Ramseyt 1928) TO® -@fc 

W(gWtSiSUU5,3±-t*N«X* 20 i&s fiO^fTOSmAtfifc.J* 

&T & Cass(1965)^B KoopmatL<l965)ft3JWE3?®ife, 

[li] 

Cass( 1965) ftf Koopimnsf 1965) Affi W S #GSStJi 

% fac> 

1= aU,)*"*** (32) 

J o 

M-tlEWff 16j JffiS u 

i/(c ( ) >0, u"{t\ )< 0 

UR 

limn( c,) — - °° 

=-, -a 

234 M). 
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c, &(32) 

*> 0 , c > 0 ,&fr®^&M® * 0 >o. 

4. ?s iijutafn r 

ffi / JSHfc&fti? k u >i) m- j 

WAMfi 

4 on _ 

if= u(c i )e~ ft dt^u/p 

J 0 

^ i 0 >o,« ^«mMK30UM$c, ^V'mm^P.TF.W^.aiH: 

/{t*#£»3J-“>. 

f* k t MttPRfcCiE* *») 

00 . /£ it Hamilton ® 

H=a(c,)e * + p t [fik,) ~ nk t - c t ] 

i£_¥. p t ,1h Poniryagin l^FF. T * ,c* : 

(i) (k * ,c* )Mi Hamilton SSSti^tfo 

k;=dH* fip t ,% k: =f{k:)-7ik; - c ; (33a) 

p t = -3H* &k t ,W p t = ~ p t Vf (k* ) - n ] (33b) 

mm. 

(ii) M=F c >0, H , bp , t as r, f ( S0 Itf ,G 

H(k* ,c* t t,p t )zZH(k* ,C[,t,p t ) 
t 

an'/3c,<, 0 a(3H" /3c t ) c ; =0 ( 34 ) 

Oii) 

lim/vfe* =0 (35) 

f - f«S 

».. 7 

lim Pi - 0 (35 ) 

l ta-OO 

m(35')t*f^l9.6 4 1 A,--0£ 7^°°fltMFte,te(35')#*#ia 
JjK 3/- W ,■'b'Jfc® a (35) ft # - 118J 

(33) ft 34) $1 ( 35) it it - ( A ,* T t" ) >J A ft 6(1 % it & ft, 0 >J u (t ) $U 

#" 9 * m ^ 363 
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lf(k t )-nk t -c 1 ]%k t mc l MM. 

6(34)^^] 

fic t ^u{c.;)e *- ^<0 

*, c ; = o,Rjto «'(o) = - oo, A 

*,<:.* >0(fi»)T^C34)^Mit:>tr 
3H* -Ofj-O.BP «'(c,*)c f ' = p t (36) 

91 T ^ mfMMT Pontryagin *r(/yj ft&SfF# & 34, SP A M 

WO mT u(c s )e p t 

t ,^>0,S*j6tJ9fWW c,,«' >0. 

c t 

c^omH^r t),% 

uic^e'* + P,U(k?)~ nk* ~ c* ]^u(c t )e~<* + p t [f(k*) - nk* -cj 

& «in tt mm %m , 3^-jgff ^ w t , ^ m # w C( ^o h*, 

[u(c* ) - u(c [ )]e~ ft ^p [ (c' ~ C;) 

pft^Pf* ^ Q£S0,w(r *) - u (c t )S0 (37) 

«(c t )^w( c ; )« c^O.M^Ac; (38) 

^^(37)Mi'^i, c ; $mu c/®w c £ 

m n mm m . £ < 38) %$. mmmT w £ 

as*/Mk. 

* )jp^(33a) ,(33b), 

(35)»(36)flTW*^* 


£ = /(£ )“«£,- c, 

(33'a) 

A = - A [/(£) - H ] 

(33'b) 

lim — 0 

(35") 


a 


h'(c,)(? ft = /» t 

£34 q t % 

b- .. .- 


(36') 





fit - V* 




p—q<e f“ 

(39) 

ihifc,(36)wrii(AA 


u{c t )= q t 

(40) 

t *, q , m &] f m m & bp bp m m m 


l, = l ( q, ) ,JL c ' - 1 /«"< 0 

(41) 

f£ffl(33'*m41),m>J«£A* * A 


k, = Hk t ,q t ) f{k t ) Tik t c(q,) 

(42) 


Pt = Q S' ft Plfi 1,1 = ( <L - f*h )e~ 91 


Pt / P ! -(<h / <h) ~ P 
Wittsfnpr^^(33'b)^ 

q, = - qAf'ik,) - in + p)] = tp(k,,q l ) (43) 

^fltf g ( ,«^fK35")wr®^^j 

lir = 0 (44) 

( v® 

( 43 ), & m m &n, hp (44) ^ vj.%^ 

#^(& £t q £ )lftlUiL- k,q k /)) hN 

Hk ,q) = Q,& <p(k ,q) = 0 

R^sNEftM k, f<0 ,ft k >0 ft 

f{'k)= n + p (45) 

c = f(k) — nk 

M A & & £ %L (42) R (43), mi »S U im ft 


&9# M {£ gam ■& £ «& & & tq 
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(46a) 


M=^/ak [ ) = ftk t )-n 

^ q t ) - - c ( (j ,) 

& ( =f 7 i/ 1 /r7 ^i ) = <hf (O 
A(^ t ^' / '^9;) = “ [/"(& t ) _ (n + f>)l (46b) 

,q )&fcM{fl([(J Jacobian 


J = hW<, ^$<1 = “ = “ ilf(k)c'(q)<0 

* r -) < o, sfmm;££- mm tfe( mm 7.4 w 7.6). T»«m 

q, imto(43)£,9,=0(i£ 

0=o)u<j k t Miitm-kh= -ir(n>o^jn#?ij^>o(^ 

9.3 + . [2o: 



a 9-3 {*,,<r t )M55&SfiA 

dj (42)^, TO SI ( k, = 0) 


dk t 


k = 0 

J 


/(**) = « 




(47) 


(48) 




t -/(r) «** 


(49) 
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pgHfc,rfjj£(47)(5M r'<0,3mW£J 


(50) 



k 



dg, 

dki 



(51) 


Tji ^ < * * u , u ,=om ifij tm , ^ k, > k * at fa . su m 9. 3 ^. 

( 46 a )*n mn , & a, - oj *$ tu c) x > o( wl k t < o> jn m 

(9.3). k t ,q t 4*^/ji. 

m 9.3 +W B 

-M k Q <h ,&&&&&B 

A.XKfn k >0 

,4^'fn pJ III firlij-ntTs^I 9.1, t- tHi T E^ Ramsey (1982), Koopmans 
(1965)-Bj Cass(1965)J9f^aiWSm. [22] 

46.5 [fiH9.il 

raft*— t * n mm Min tfe"I ft® 9. i . ^ it , mi ts -9am , 

£(40 M 

■ /J m 

q t -u C t 

BJtl 


q/q, - u't/u' 

C,= ~ (u /li")[f (k t ) ~(ri+p)] (52) 

g i ),a®,)i^®ffl(36)^,^#^#(44)firw^aw^ 

litnwtf,)^ ^k, = 0 (44) 

456 , til a 9.4 , ?, )«:&-&(+. £ 


#■ 9 # 
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36S 



J o = 0,*|t^(32)^ 1 3it3C«*^^1fe^jfcAt.-fH.fr 

(32)^,,Ramsey(1928)^jfe 1 % *t=fc^ A*. 

[ [u(c t ) - u]dt (32') 

J c 

AMI /B.Jf^W^+KSOj.t^O.i^O 4 0 

#*«—#. k 0 > 

0,JL'ffe^A^-«.^J.^ifc)!fc& ; f 9,3^®9,4t 

i R *t*t. 

m « m (£ t ) t&$ urn m 

Jiut^-fi^ftjsr m £ ft & mx Rm#«$ m sh . ® jft, s sf^hb 

d) /(^).a^#±^,^^p±t^# [25] 


c ; £/U t ) (53) 

M9.4 c ( = /(Oft(^)ftttfc.&&&fc##fc# 

AS. 

m n# 

^..... 


ri 





c t~ /(A) - nk t 

C, = /( k t ) 

mot-? k = 0 tm^±tiuffl 9 . 4 0f^). g k 
A—##rfcfcUn)**Stt A^Aft«^AM(53)AMte-#.y-A 

^ c, *&&/(*,),£ k t 31 

ik k k t 

Cj = 

{J(k !t q t )^f(k t )- c( qi )>{) (54) 

i&ft&mm&fcZMt 9.3 *£&&!&$' 

. A TOffJ fi 


dq, \ 

dk, ,3 = 0 


f/c'< 0 



^w«£ipjTM£fM. * t r >o,m&{55) a^i* 

4>.4 HM 9.3 iJB'tt£j£irr& 

^Aa«m 54 )^tai«].y J -Affi ,m- * u >* Mmm k 

mm&'PM k t mu (iwma ,mm k> 

tfr t 5S9.4^>W». 


iti^(53)A^(54)^a^? t ^-4rp]^.fi|J,SfnMBj^iI^ k t >~k TO 



;i] 4 M-*ftfM &&0 Takfl.yama( 19 « 5 , 600 K). 

; 3 ] a# aa *m& s w .4i w& )sn r h, m ftfj m « w ? w a* h 

t* m w a a* mk$am *. w w > >j m & jfc® # tt» $«j & #. 

► 3fi9 
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[4]@J£ X£R" ft 

££“■-&"ft (m "M“s : "), m ft . 

/> 1 (o,-./» B {i)>ffBi^frt^.ap p(o= 

^,p(*>intRj ^-ct ),?ti2t(B][/ u a T'j 

m m & «t * ® « * ft t&. 


[6JflI3H*/?/>, (t),u* (0,*. 

L7]T®fiia Simmons(1972,77 H)ft$l®£ifrtf 

®.“i8&&*^£tftBft#^£«&- A-n^^^MA^ft^Ma 
.. *p KfwtAtti bs ^: n b w a ft AAit* & 


4<NNft t — 

si 50 i& ■ r Aft A & ® r»i @ft x flr. n * £ — r* at & iu 

S.KJcttftSf&A Hamilton '«”. &% Hamilton W AM. William 

Rown Hamiltonf 1805—1865 )JEe— f v_ ^ A A ^ ^ W sK ■ ttS “ Jl—A i*t 

rn ft JLiK-a t .:-: # &f, a m ; ra $ *i, -fib ?f * #J»i£ . ft T ® 


ftbtffi A®; A# Bf,M; P£ ft,«^ MMiS^; + 

lr±ftA(&£ Hm#ft 

AA^HAMJ&T-irA^AM 


Laplace ft Mecanique Celeste ft ftfp A; AftiiiSA'fft'flijft Trinity Oblige 


(Simmons, 1972,387 50. 

[s]M w^ff-4(8)iisei3tjfetta*ftftiss. %=f «ffi^#ftfit 

3 $ pf it;, _SL Pontryagin ^ A (1962, % 1 % 2 1? ). 9 : A Benveniste fO 

Scheinkrnan(1982), Araujo, Scheinkmen( 1983), 

#&#ft^mA bw« - cowt ffi«. Win, in* os «*si, Iflijeffl «; (/) = 

t a ^t<i‘,0<u; UKLftft A bang -coast £*!■ 

A®, bang — bang -ftl bang — coast Kftdfe^^1Wtft*IK^ 4 ‘5EJS4:ft , '^“^ 

iSHTft. 

—® m u & is) m ft ♦ u m j p a 


jr f (T) = xj j i= 1 ,2, , n < « 


/ f 


( 12 ') 


»)n® 


A ( T) - Q, i - n ’ + 1, n' + 2, - ■, n 


( 8 ') 


(12')fl{8')A**® n A^A.^^(2)ABPM9.1 ft&fKiv)-jE18tft 









7AA2„ ') 2n 

[ 11 A A M m « m . £ tf i* Jit A M 

(1744 AM:«A^AISt 

Aft&fi r Simmons( 1972,107' 111 

“KJt® (Leonard Euler, 1707—1783) A #}%[¥'-%. A® 3* ft 

iicft ft A ® A lAA - ftftflk AftA Gauss fll Riemann) -, ffeA YlM. ft ft ft -S ft 

AWAtAlklHiM-MlftA 191 i Aff&tt,Afntettft^ffi^aiJfc-'& 

it m a ft jfn ft# m m „ #m a m m, *t3t ^ ts m 

Arago f , 

ilA«, sJtMteftfii #)-#.’ -ft itm SftfJJA 

©#£Kf L^in rti*ftffjftftAftj$£. 

Euler £E:SftA,£ft^ii Johann Bernoulli l$#£,fifl!li? ib 

Am A MM Aft*i*fltt£«fti£ 7 , ft », Wf- M 

Mm&n n#AM^. 

£& ,flfe ft B ,Euler #&### tfc SffeftfST A*P« *jSSfl 0 

;ftft A 3® A ft — A ft ft H'J A A: Introductio in Analysin Infinitorum (1748), 
I institution es Calculi Differcntialis( 1755 ) , Institutiones Calculi Integrals (1768— 

1794).# ACT# M#, ft 1748 AW 

« Euler .iS&likfAT ft , e t i |U ir 

sin _r,a» x ,m 

.am^ii^ihjj^aah Euier 

jiAiimwiiiti. 

Euler W#± bfcufc- > A « M, A^AA . " 

Il2]#& A W ^ nj inTftSU■ S - ft/2 + 3 = .r = ft Z2, IS fH *# y = 
-v'3. M -t = ft/2 .r = 3/2. 

[13] A-OTMTAAmAM.-& 5 £StIH#,&^(28c)>j K, = l t - 

8K <. &A#M«ft&&^Ky 

[14] (UIZ^ 6 $ A Solow - Swan iflftllMKEftt;. , lAntELffi f = 

8f/ZKm^&Ur&),VXR%Si®.^ 2 F/»N 2 <0 m 2 F/<m 2 <\\ 0ft ft < 

0 . 

[ 15]50 Aft^fl 60 Aft W■-* A m A Takayama(1985,466 ~ 468 R ), A 

43ir««T. li t ftSWMill AM Mckenzie(1986), ft ftftffiMMlft 

Hif |b]^M , ^KI^rtB'S Benveniste Al Scheinkman(1982) , 
Araujo Scheinkman(1983) ,ffl Becker,Boyd Al Sung(l989) - 

r i6 ft $*« a m $ ft m w eg if; mm m a & 

► 371 


.»y.* 








Aftf maw a/mim a. $n (32) * mip , mm it ± h ra m *, && 

M” (Becker,Boyd flJ Sung, 1986).Ilicks( 1965)& M iit AftfpTr ^&Jif &. 

, P m®. 

in^ft 0 >^J®IM(3O),xtJ9fW r A ( <o e f >o.j£#,*rM t>k t < 

k«,mm% f *r/u)</u 0 )-M 

te.JtfST# A <*(&&£( 33a) t,c? =o,^^aw* 

aras;fm#M;£, &Aitfrtr«i# sa. £ it jc^tff ■+, mn ft ft K * 

[18] " Aft PS #J$B, A Arrow 

(1968a), Benveniste ^4 Schcinkman ( 1982), Araujo ftl Seheinkman (1983), A 
Becker ffl Boyd( 1988). Jg-# J&Wft T*fa M7&AMS. 

[19] ft® (36O^(40)££7ij't£MAft Keynes - Ramsey )J5U1 ^ Ramsey - 
Cass - Koopmans S£ 5PJ . A Ramsey (1928, 7 I), Koopmans ( 1965 ) #R Cass 
(1965). 

[20] &m^3£&£*^is 

M = m£<3o)*4^=o,Kin 

n 

( #■ ) c = f(k) - nk 

V 

&a , f #tu 

-&8S®. , N ( , K ,, Q , Y, ffl /, «P «*9 [Si ft « (« )itf k ■ x* 

i96i m 1962 a & *m 

faiA##, ft Takayama(1985,440-444 M ). 

[22] a m 60 

iit* , m r *t ■ t n- t w n & (si ® fid . & a ra m n s & 3? a 

# &. am-« i' j w a® # as ■am r j g i! & a r *—a ^ n a a 1 ft % $n 

TM3£MI£M(ESPN Solow- SwangMMffingM ft WflfZtt)■ W£P 

Srinivasan( 1962,1964), MS 

^(Jfej). ,Uzawa(1964)ft!t0Aftlii A Srinivasan /£®. (tkiS 

®MiE9i kc>k, ftk,>k i: A Haque A^( 1970) ft , 

«5)j r u™ ffl ^ is, “ ^n a s t § "H# a ^ w 

i£(377 ft).”M^i£,“£ k c >k, Srinivasan 
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l^ttfSt^f'.Haque i'^jB^r Srinivasan^WfBia.MM'K^fi-S? 

^®^fh,M/5^tofe#fEfcT Uzwan ^jgft«|fS!&. Hague 
JW&7M®. (Haque WfSCfrTOfijtf Uzawa £#&5jif©,C— 
MM)-MM,Uzawa( 1989,522-560 K) fflj® TTOf ,S 

rT t?i®. 7 t \e £%@-M T Haque fK) T.f^. Srinivasan, Uzawa -ft] I laque T — 

tmm h & s«t -»jj-tt r # m t w m m n ^ m & cass ^ m (a & * 

■41 JEW# Stanford & ! jf#±i£t:4 J , 1965) ( & + M Srinivasan 'ftM&UJj 

»1 mn # mh its?«r jm mm ra u± (v > *,.). 

T 8f^&i&tft3(k c > k, ftl Ar> *C )WJ^JBT®F?El+J Hadley *P Kemp(1971)^ 

Drabieki ffl Takayama( 1975)J§*f&T 

Hadcy|UKenipfif|©^,#^ftf5feT^^gM4afeg#rT&tHSfuJfi. j®- 

,Drabieki fll Takayamaf#&7WW^flftM tCN 

, 0 lit % Ift T S * Iff® - ftt ffi] M. [ft] li, Drabieki m 

Takayama #;fc#fiMnJlj PM TM# (ft , ifi] Jit A tfc 

m\ ra_L-g (Hi it. 


[23]i£fiXg£&#*&#££$;fn I 

Miftm# -^PaWjSffiJSfcNM. 
[ 25 ]© c t fn y t 

* 


C t + k t =Y' 


K7S0 ^|sj AMf/7 
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р. ™ 

Yaari( 1964,309 X)l#I0 , ^ . «, 

с, ® ft ft ft A fS M M M T1$ ”, Blinder (1974,304 p<rttM 

mmmi. 

&i&&$LX,*=W-p)/ri,& P fl ? J!) ft gjlrWS®, 

WBM(51')^*/i(r).^M^ 10.1 (a.) R(b)jYMi&W P> r A 



fflio.i /*('■)WKIS 

*ljffi( 55)5^1+1? 


oo 


0 


cfi dt — 


yc 


0 


c Q e 


t,-^ = _£a 


p 





1 ^ >0 (57) 

r = ?(jtfc0* p = 0 m r>0), 

mimm. 

^(56) ,(52^(53) 


c 0 - [1 _ ■’stOljytT s(r)=/t(r)/r (58) 

(, c )(K)A^^-MSlHjJi:,(58)^(41)^5lW^&tf ) &P^TO*»jT^ 

A«ifeAflg-aw $m imx . at m m m m te sm ft ft&i 41 1 - * (o ] m a r ) 

»10 it jtm m'H*'&, ’is#w)a "Urn ^ 559 







s( r) = (l — p/r) /tj ( 59 ) 

t,iv t = ^.mt,^m(52)^M v m&xr 

yo* ~ rao + ^o—yo (60) 

(m&m ^n^WAfeAiw^^jSMTJti#wi§:S.M-a,(6o)«ai in* 
Wi Mr t mm^mt 

5 i 3 r-!*>{). mi ft tt]&X,B 

msvm£,nn.$i% 


p>( 1- y)r 


(61) 


S#,(6i)^^ii^#|£iay-|H]^!i(gp^>o ? ^ 7 r-^>o)K]^^#^ J A 


r> |D >(l- V )r 


(62) 


5U 


mi(59)&* r>0,Mmi« r>p1$,s> 0;^ii& 

'M p>(l- Tj)rH,s<l.&M&i&,&tt((>2)&U<s<l fajfcg&ft.tfcS, 
1 ?3£ j<l,W{£uEc o >0[jiUjr^(58)]. 

10.2 4*- 

Friedman A« T £ 3£ MAT & JP £ ffi # 0® * 

(M'b^@fflrt*t^l,(tP Friedman 1974,35 - 38 M *11 53~54 K) - f2I] 
Brunner $1 Meltzer( 1974, 68 ^) Bl#,ft ]3ftA$K) ife4 1 , la Ml Friedman 

u n%. % few # » k rti % fij m& m m & it a m mj m «. ” ^ jg Mm, 

£*&&££!&. * , £h&£K) Friedman 

^Ai&A|gS^«Si^ “ T, 


390 ► 


jggfc£f^:ig,44 ■ i£j5f# ##!&#?&& 




Jblift FriedmanitAffM M ft - 

Friedman 

M& r^AfeA’^fiETO^S. I22J 


§10.4 S^ [23] 


S J£ mm-¥ + m- ftIMSUftifcM. Keynes ffy (ilffc) (1936) *tT H I ® «ft 
a^Sife + W it ^ r SS S S fiffJfE ^ , Jorgenson A ^ “ft A * 

ate ” KiM [: , BP«« fa If Ik VJ. R Tobin ft V ate, ft St tt tt S? Jiife 

^ m t ** . ii - T? ?^in w ^ [n a tii ^^ w 

515 'Sf! ttA, {R JRA a, Atl teA-^AA* jg w. 


10.4.1 “SrtWSife 


Ak, ftj, 

$,Kra 

(63) 

Jt'+* 0< 5< 1.£ g^Rlft 7*m ( Y,)*®f*( K t )f0»*( N t m& t R&m 
Y ( = F(N,,K,) 

a p,w,s Pi M^^^mmifHft.xK^asfiaiifjfrHft.^ji^sift 

NM t ftJtaAMfcA 

* 

R r ^pY r - wN, ~ pjl, 

*rfSf#iEjiL,££ /., w 

*HK? 

3 Y= Rf ,! dt 
J o 


► 391 


$ 10 MffiM 
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392 


rxi 



[ pF ( N t , ft) 



M ] e ■ 11 dt 


(64) 


Ri st i N t i & ?f at u t i, m si# (64)+z tfj w ft 

Hamilton Efiftnf£ 


H=[ />F(N t , ft) - wN, - M ] + A t ( I t ~ SK t ) (65) 

ft-ft A, I, ft ft ft 

ftSHlO.l,&f| bJ tf, 

K t =dH /bk tt W k t = I t -8K, (66a) 

A ( = ft -3F//)ft t gp A, = (i+ £>*, -/>F k ,#+ F^F^ft (66b) 
limA^ “ft- 0 (66c) 

f «-M 

;Tfflii, £ J 1 F . ft ft 

ffi/x ^a^?§^j3H/aN E = 0(^**^^ ft>0).& 

#«fn# 


F s = tu fp , # + Fjv=3F ftft (67 ) 

*P && F jta_hi£ ^«PRjW , ^ H Jt =f N, W^‘Kfe, ft W#10 Ift 

ft JK^. 

S^ ; (65)4 l ^JJ(.&(l^'fi Hamilton jg$[ftg kM% 

ti- pF( ft ,ft, ) ~ zvN t - SkJC, + (A ; - fil )I t ( 68 ) 


&& k t >p I ,I t -*aOij&%, \ t < pi , l t ~^ ~ °o (69) 

517 M I, 69)M 

I^J (ft Jorgenson ft-ffcfHj 

3H £l t = 0,^F A t = p[ 

Sife*#* fiE. & 8 t & Jorgenson 

m mg st m — %&,&&& 

Lem e r(1944)ft 

Haavelmo( 1961) ft I 

Jorgenson ftft M ^ ?'\ » 

lliBB. Lemer ft Haavdmo ft W f(& iftHSl !fcf -6:jlDT£fl l=J Haaveimo(1961, 




& % & 4* & &-Dr H-g£- 
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519 


216M)l$3li£*: [26] 

««T,IfFMW-#i'feM,t,-t /, £*j&^,B[P 7] 

l < r < i 

- 1 nuji^= * t = 1 max 


S#^^fT[l] Takayama( 1985a,688 ~697 I£ . JA(69)M® lU 


i 2 i>p it l, = J nim 

M 2 t <Pi,Ii= Jmi,! 

A t = pj,/ ; $ "ItTf £ 

a<js^®M^^^.^tbm^( 66 )^( 67 )te. 

n, % 

N e = N(K t ,w/p) 


ftJtfaife^T(Takayama,1985a,691 ~694 Kf), W WffiRJ&W]£K)^ 

N'faK'te#, 

F n (N\K') = vl'/ P (67') 


F K (N\Kn^U + $)Pi/p 



H£.am,( i+ $)/>, sis^fl9ffl^.s#,(6r)^(70)st^«&&ansi 

l^jmm - i&M (* + 5) Pi ,fig&-£Gf 3f *& c. - 




c 


i + & * 


c - ( i + S)pi 



t , (% x± iw) m&icn m %=? m * & c. mu ( 7 i) to n % 


^co 


*> 0 


ce 




c 

( i' ~ tt ) + S 




(71') 


c -[{i ~ k) + 5]^>j 


(72') 


^Mfis,^TSinist ;r=o, 


Mm-fr zmw-frikit&WHmv&M 


► 393 




4 


c Jorgenson Jorgenson 

sn . &@e * nT. m m tn aiflf) tff&T , r %m * m m&, *d 02 > 5 $ 

B't, &-&M fiWt&T, ffi ft) ■ ft#, ftii 

&m *,■ [ "’sjaiss, *1# w (70) mu ) as 

* p.p, ,&*ffr#f£W£ 

T^iiEJtj«t4 1 3*tS®Ht(i + s)p, 

ft*&. !3i " 

520 ,K')_t,Ji!iJ«lE(71)S(72),^fJiBP^iR 

PJ(70)PTSC^* 

Pi= r pF K *e~ u + 3U dt (73) 

J 0 

3t+ F k *= 3H/7K ( £<N\K* Keynes 

wjr m ajtM m nmmmte. 0 >j (70 > ^(73 > 

,K*)±,Keynes 

WIff^MiSlI^^ A & JM. S Jit, HcWM Jorgenson (1967,152 jff)# 

^W^¥W^:“0*Keyiira3ttaSe^®«(W®S;^»f#*ftffi5E4iW 

x&mufr'Z.” 

521 M, ikB f ,Keynes j&R t—MH, Keynes 

#iij M Ji—t*£u (73) $ m m &JM ,IP 

*c© 

Pk= Qfi~ ii + an dt 

^0 

^"(Keynes, 1936,135 Q, faftW&WL%X..ffi 

Frank Knight «”. ! , 

®f]3SiW—: 5f ffiif ifc»#^§l!, £38PS&ft T ft 

10.4.3 mm p K 

N* ffl K* 

pF( N, K ) - wN ~ cK 

, ¥#£«8: JPJMffctt. 

394 ^• &m & * ft&%f * & 





10 . 4.2 


52^ m t a m&m® srn vx$t#% w a 

it Jf£ , fMMi'F 3 * m . «^F] 

Tobtn(1967 ( 158 3T)Sl«ji#^-ftftBf^e&maEttaEifSfittrit^,-ftil^ 
iB: 

Jorgenson ft # ft f #&i 1 ] ^ £4£ $ % $1 ft # S ft , A1H & 

ftlWfe&MifJflMA - M&n s#s§» 

(64)TOa/ #M [33! 

C, = C(J,) (74) 

)iM,C(0) = 0,XtM^ /,,C'U)>0;tfMtfl f e >O t CT(/,)><>. 

’CX5 

Maximize [ pF( N t , K t ) - u>N t - C ( 7,) ] e “ u dt 

J o 

-5^3 

XtM £,£, = J ( -£K,,N ( ^0,K t ^0,W»£ft K 0 tt 

OTSiftM Hamilton it nlgXA 

H=[ P F(N t , K,) - wN t ~ C( /,) ] + A, (/, - 5K,) (75) 

St A t ftMMlft PnntryaginmT.^fniS^-^rtM^^Xit F 

M ^ &sg io.i 

S» C Wfttt»®*feF ftP'm&uE. 

i&a®# c?iA«iMfip^f/ ( 

/.JlSlni 

K t = JH &\, > gp K t = I t - SK t (76a) 

A t = a, - -BH $K t , BP A t - (i + d)A, - £Fk (76b) 

F n — tv fp (76c) 

- 1<K 

Sfio* r 



c' u) = A ( 


(76d) 

(76e) 


396 


limV "K^O 

J* N CO 

A n UJ (76c) ft (76d), Rff J® KXtflr# tfcAfcM t, N, >0 .a JC t >0. 

Takayama tf&'h — tfjit fc ( 1985a, 697 ~ 706 

mi (MM ), gp F( N,, K t ) = N/C A,). M / in 1:M(ft© 

A,,/>0£/<0;/(0) = 0,/(0) = «>,/(«) =0 
i(76c)ft-&& f^VN/WCSIM®^ aHHUt ,k *H££Uf 

k t = (i + d)A i -c (77) 

3gES^n»fWti£«#e^fK76e)M1Sf^^ 

A, = -^(^A*) (78) 

■>m m e m (76 e ), m am ft c ?s) , # 

C'(I*) = c/(i + 5) (79) 

jE M M , IP, *t gff t, J ( - l *. L351 feT *, # J, = I* ft A 

(76a) J# 

K t = r-sK t (so) 

K t = r(l - e"*)/S+ K U £“* (81) 

tt( 81 )ftA 

limA^” ! 'K ; = limA *e~% 

J.-^GC» j >oo 

uJSt«a^ff=(76e)^fi|jBiW.jS#(78)J&liM#S«:#^#(76e)ai](77)W 

(ft)ffi. 

J* (l-£ _a )/<S = r re~ St Us 

^0 

5^5 m A>0ar<0,A(79)fn(76c)^M# 








I 


p 


c^pF K ,_Si£#¥!i cmpm&MlSL™ 
&X k= i '/a , as (ho) pir^^ 


k : = s(k-K t ) (so') 

$ ■ f-|f M (8 ) - Ik (81 )t1Hifl MW : AA Wfi (K 0 )^j AA , M t-~ 
WTKo 


10 . 4.3 Tobin fKlfftfS^P Keynes 

#-0A^it:fc(1969} A,Tobin 
Tobin q.hk20 ISiS 70 AftM& Tobin q 

1969 AWISAAA,Tobin ffl p M A U l&J* & W ffrft, ffl 

.& ase# w?f* & tfi an , & a ei^ & ( j<l i%9,326 

[fn, Tobin r - j(S « a , m yt. “ & ^ a— ft 

SfW-IWII-9(WA^#AWM.MAM$)W;£.” 

(1969,330 

J®fi : W,Wg = l ,, (331iS). 

A 1969 A«S + , Tobin AM <?K SAAM A). 

&Mift q ^8ft¥$i!DtTftU JP,0iW^AWTrTM«^MMAKJfcb¥. 

9 JPiita-Afe 

^A^J riJ^tfrtiASmS^A^fcb#. Tobin 1969 

M- Tobin *Q Rrainard 

526 1977 

f gfflifeWttftE: 

.M $l&B q w«mt 

^:MM$l(m^A&MAmkA.« q #$*!££ l,Mm 

A# 9 MMAI^A 1 .(1977,242-243 SO- 

6 20 ta 70 AltAfflAffi,? «CT«W 5 Hall(1977,85 M)#S 

A “Jorgenson if ifcA A (HliSAW”, In] B'f itfc AAA 9 A Jlfi Jorgenson ftl 

SI^¥KliFrAAa^-^-A®',LovellSA(tkXr‘9 mtm Dale Jorgensen, 
Robert HalUASflJlAeOffWA^MW&dffiM^SIJtpWd 1977,399 M), & 

«Wit: 

ikW — % ?*J H fb, If A 6(l W Abel ( 1979 ), Yoshikawa ( 1980 ), Hayashi 

-.-.—- —. ►397 

&i(J * r 






527 


(1982) .Abel *0 Blanchard(1983) ,Blanchard FischeK 1989) ,$# \ q 

KJ Hayashi(1982)^*«K)K5?at&. 

Hayashi. f&Jlft 3 , ft iffi *££ # « - Wifc, fit 

%t,p,p,2kiu,ft i — 

M& Hayashi MifcJiM±Ktf 

tn '+ 3IA7. «# al^ 



K t =V(l tt K t )-8K t 


(82) 


jEJ® HayashK 1982,216 K)0Ti&« ,1 

urn. * x ioo . v &=f i m 

tt”. sft v v 



i o. 2 m% m . ® m #*t, m ^ w (ft j® Ha yas hi, 1982 m 



K, >P(O f K) = 0 

jtfcAfc i 2 . jS-*HR£ 

k,M j>o,o<^,<i 


398 ► 


* *5F**«r4Mf*-* 
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529 


M / = 0 ,^ f = li ^^ I < 0,%>1 

Joigenson /, K), = 1 

&*mmm n, a i t Misij&g, vm 


Maximize 





•> o 


[ pF ( !V,, K ,) - rvN t - p t I c ] r' “dt 


(82)£,N t S0,K^0M£$ K 0 tt 

Hamilton 


W=[/*’(N,, K ( ) - idV, - M ] + A t [ ¥( / t , Jf,) - <5K,] (83) 

T£( N ( , J, , K t )&T®W (84a) £!] (84e) £ ft. 0 % H jtf I t 
%\N ( N t fill, ftnPMM, 


K t = ^(I if K t )-dK t (84 a ) 

A ; = (i + 8) A, - pF K - k t V K ,# t 1PW = 3¥ ^K ( (84b) 


F N (N t ,K,)-'ni ^ (84c) 

Pi = W (84d) 

lim A t K)c 4 = 0 (84e) 

f >CC 

i4M^#S*!(84c)^P(84d),#®^^0f^^E#ifc^^ / ,N f >0 A I t > 

0. Hayashi 31AW3£«®S£Sft 

N foK ,F(N,K) = F n N+ F k K (85a) 

VXA 

^ I ^K,^(I,K) = XiI+^ k K (85b) 


J t (Xfi l e- ,t ) = (k t K t + A )e 4 

4(K ( + A,K ( - a,K £ 

= ~[(pF K + X^ K )K t -^] 

= ~[(pF~ pFnNt ) + X t (^ K K, - ^)] 
= [(/ ! F-T«N t ) + A ( (ifi t K J -y)] 


= - \(pF-TvN t ) + k t lV K K t -(%h + VM]\ 


— - (pF - uvN r ~ p[I ,) 


(^H84a,b) 
($ i± 85a) 
(j| it 84d) 
(ifii±85b) 
(il.it 84e) 


# w m 
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a#, f&i-iMg, mm 


400 


-(pF-voN t - Pl I t )e- k (87) 

R 0 £IJ <*> Xt (87) Wj} ,« &ft- (84c), fg 


oo 


A 0 X 0 = V* V* = [ P F - mN t - pj t ] e ~ <l dt 

J o 



ft# V'ffcS^0Mi.£ Fmv V* ft 

*ft&m -Hgi c ss )■-#65 n m , KMfiiR t ® w 

XfftaiSf Tobin «| q Mikm&n. # V* ffr 

K 0 ).Jkm(3V /3K Q )Bt&T &Hf 

I'FjJ o M(3 v* 

(aV'/?K 0 )Kl!RMX'Mir Keynes( 1936,135 
f/MS”. ^±,Tobin WifeB 9(lit 


q M =(av*/dK Q )/Pi (89) 

UJfM Tobin fn Brainard( 1977,238 

M)^it: 

£,W q 'bT 1 

^(89)mM,Tobin «(ffl q A ^)^SL% 


Qa^V*/(PiKo) (90) 

Ha yas hiKl^M(85)M^ f )Sa(88)~(99) ,*#T®WSSSM 

t£: 


9 a i-<lA ( 91 ) 

%-}kfr0i&imUT MB q #T¥Sg 0 mm&% Hayashi Mm . [37] 

& Hayashi( 1982,214 SOflfiSfla ft, “ HU q "JM ft, ‘ q ’ «$£ 

"ft Tobin q 

q.mss Hayashi , “*ft ‘ q ’« 

q ft#* von Furstcnber^( 1977 ) Jjff ft M ft) j& q", 

Hayashi £S*SifcW£TiEW&j£&T#F!g. jl,Hayashi 

Hayashi + 65*1 JH■ * & §Nfe iiE ffifi,flfeflG®# 




531 


532 


ISlTSMt^ltt. [38] 

p(z t )^(z t ,\)K,,^^ z t = l t /K t (92) 

iiSpJS 

Z>O,0'(O) = 1 ,()<(&'Cl.&jtf Z<0,^'>1 
N#, $ F( N,, K r )=jV( *, ) - T^##(84a)^(84e) »T?fe^^ 


A ( = [0(* f )-5]K, 

(93a) 

A r — [(i + (5) - $(z t ) + z t ip' ( z t ) ] A, - pF K 

(93b) 

Ffj = w > ! p 

(93c) 

pi = k$' ( z t ) 

(93d) 

lim A £ fr K, - 0 

(93e) 


^,mi&(93c),F N = /(A)-ft/(A),iiF K = /a)^,*ffi/F K ^#S!t. 

SI 1 z, lW(93d),ffi 

* ( = Jf(A t ),#4 I g'(A,)= -4i'/X^>0 (94) 


W^A(93a)^{93b),^# 

K= l0[g(A,)]-^K, (95a) 

k t = \(i + 5) ~ ^[#(A,)] + g( A,)^'[g(A,) JI ~ c (95b) 


3t+ c=^F K .*^a^tt(93e)W K 0 (95a)W(95b)$£T 

^^(iaSemba.WSgj.BP.Hayashi W^fl^#^Kf|Pjr^:,9E#m3fe! 

Hayashi 

+ ? M ftq A Hayashi fc]3(iS£«&Bi IP 

Jt. 

®&(76a)S(76e) Hfc F W, 

g&© jt ( = jfe H (=nr*),i ( = /*(=##o t c=#F it (i,r ) t w^[fa(8i)^aiW 


# 10 # 




► 40i 



1*00 


V" - 


o 


oo 


0 


nti 


o 


[ pF( N ( , K t } - ivN t - C( / * ) ]e~ a dt 
[ (1, £ * ) K, - 0( / * ) ] e *dt 


c[l* (1 - e~*)/8 + K 0 A & ] - C{I*)\e~'“dt 


= £r/Vff) 


-c(r) 


oo 


- if 


II 


'dt-c(I' /8-K 0 ) 


OO 


0 


(j +i)i 


dt 


CO 


0 




= [cJ*/fi-C(r)]/i-e(/V5- K 0 )/(i+ 8) 
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c 


cs fr cun 

i + 5“° ' U + £)i i 




+ 




* jfc, SMi o, BiJP- fcfeSJ ff) 0HH#* (BP, 3 v * /uk„ ) 




3r/r1K 0 ^c/(!- + (J)(=A*) (96) 

J£&, *(79)3*1,/* ®jlT K 0 ,m 

,lfe3fcJiftstl 0(3 WaKo)^ Pontryagin ®«( A ) 

M.*(79)3W 


3V # /?Jf 0 =f"(/*) = c/<f+ 5) 


(97) 


(97) + (/ * )&)!«£-£, MtfilifO 

in AT®* to, (a V* MK 0 ) nras^r Keynes( 1936,135 

f* (/<k ), ^M(96)3rT® 



'ft* 

ce" (, ' + 4>, Jt[=c/(i + (S)] 

0 



c=pf k *&^ 

£ JfIB*e-*,^(98)^321^*^131 

AffiW&«ffl.i*#:frg( 98 )i£ip Keynes 

ff(^^ ; fM^«fl(l?e{i.E^(73)^(98)^gSII^;(73)tW p t tt 

(98)+&d Pk gfft#. p K ftp f 

WfllSia«M1#S®.M(98) t l8«Bl®ril Keynes ft ftA&Ptf&MJTO 

#(76a) m (76bHtA (86), IW 0t£S » F ft ft (76c), HcfH *T W 

ft 


402 ► 








53i 


f t (X,K l e- i ‘)= \ {U + d)X c - pF K ]K t + X t (l t - $K ( ) - tt,K, 


€ 


tt 


535 


= (-pF K K [ + AJ,)e-' i 


™ ( pF - u?Nt ~ K t l t ) e 


-11 


h^AO^iJoo^, 


A 0 K 0 = fipp-vuN t -k*r) 
J o 


- il 


dt 


(99) 


r, Ao = A, = A * = c/( i + 3) Jk I, - I * . ft M (99) A&A 

Haya s hi(1982)#^±M^M.R|#,4^HU J fSiaT,^^^^^^TO9- 

AJS, Tobin ft q q M 

1 ftSp-j^.|lIS(89)jfn(97),®in^S!l 


q M =C( D/P, 


( 100 ) 


Pi = c j (r) 


( 101 ) 




C'(0) = A 


( 102 ) 


i,c>o,tmT r =oftw,(ioi)fa(io2)*^-gcft.^^^^)i ; f q n 
ife^-^w^.apsp*(ioi)^eit®sK0jdc 

?„ = i ftil. a^uoo) 

ftsm^Mftaifeji^^AiSSW. * m v) 

m. 

lift® 10.3] 

Jorgenson ftS^a^-^MftB^. 

(iii) Tobin ft ?fflMlii^^l(Ht0HftTS^ftS3?A® s l.'e^ft® 

MM . m ifn, ft KfSt* waife, *£ Ji* 


#w# izmxix-itft&toifim-'T&m 


► 403 




^ ££ S 


f i um 6 Mm 9 m. k t ^ Cx & KB *m m *. 

[2]^--, mm t , i ( ^o. iEimm 9 imj nm 

M , MM nl AM£:A## ATf#£'J 

(,^o. 

[ 3 J 3 ^—^ ^ =? Drabicki m Takayama( 1978). f] *0 H? ft fftlt !*J 

X AliOi ftO IF M it tF lb Drabicki Takayama(1983)^?lj. 

[4] Mfij(18),$nrslTobm(1965)0T^W,^fJlM^^4 J K^M*^ 

f* , % rlJ (Treasury money) IP- StKttfflMIJ (19). 

"j^tX ()()$'Jfl , RL Drabicki fU Takayama( 1983 ). 

[5] sr k {^dit/dk }#U ;r„, i^dx/dm ) : 

7T*- — (Li/+L 2 / + L 3 )/Xi> 0,ir Bf = (l- L 3 )/L x <0 

[6j&s&inAMM mmiLftffiMi&ft 
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m;,r=o (6") 

ouj 

t Ht, Hestenes Wife* ft Ifll£»I - M-B, 


2 ffi 





^-^»#,ffllWitSdi!ll«(^*BifR)* T,T^pg. [i % £ H* 

*£*#«•#* 

wse Sffi# » Amr !^ a («)fiHRK^M)^ 


a(r) = y + m(f) - c(f) 


(14) 


548 


r’T 


u = 


o 


M [t(/)]e"^/+^[a(r)]e"^ T 


(15) 


St p>0 J^iSUttSli^.ilff tt(cms3filfttt(«fi>t)»ffl, <p ^«Mi£ 

umf&mmmRT* 

j&dmh 


H '>0 f /<0^'>0,1 0"<O 


(16) 


jtJI^ 


► 4/7 






oo 


418 



07) 


,wm oo^o, 

MStfHI, a (0) = M, Xt&'t ft £M W, a ( T) Jt, [ftj t- ( t ) 

Hamilton tSSSCRT^rA 


H=u[c(t)]e '** + p(t)ly+ ra(t) ~ c(t)] (18) 

549 a ( t ) = OH bp , Sp a (f) = y + ra ( t ) - r( t) (19) 

p(t)~ ~ 3H £><u , Sp /) (f) = - p{t )r (20) 

3H _E A # A e,(9H J&e)r:(i)^0 (21) 

p{T)=$'{a T )e-< ir ,%i¥ a T ^a(T) (22) 


muuttm r,c(r)>0 t J9rWi(2im 


3H At^o.lp Jf(t)]0^/>(i) (23) 

mi mtffe w % mmr m ® mm± hf t 

jt.(23)^^,ffiW5. pum* t t nm 

uiMU-t.&m 23 )*# 

(fa#)WPi^j®^.^^ait( 20 )?r®^ 

p{t)/p(t)= - r (20') 

m-p/p 

TffJ,&A^(t); 

q(t)^p(t)e? ,ffii Ul p(t) = q(t)e~ f * (24) 


fill 


p — qe 4* — pqe ** — (q ~ pq)e ** 

p/p-q/q~p (25) 

&#,( 2 D)&( 20 'MS(^A 

^..... .... 




q(t)/q(t) = p-r (26) 

650 qUWtt 

= q^q(O) (27) 

^(22)nT^J5£ q(T) = piT)^' = f(« 7 ),T£-&(27)W 

q Q ^ r}T = ij/(ar) (28) 

^J# t (23)TO^ 

u'[c(t )]= q(t) (29) 


*tt^#-(20) l (21)S(22)^>'J^jB^S^^(26),(29)A(28),S.(26) 

10.1 Hamilton 

tit 

w A (7) ] + <? (t) (_ :y + ™ (7) _ t' (7) ] (16) 

1(26) .(29)^(28). 


c(t) = i[q. e ifi r "Lii«M' = l/u'<0 (30) 

A ('h A) flfe W bu tfd'itf ife ft) ra® fti a. 

Xt■A Ki®, #ja Yaari (1964,309 &i ), ft# 4* fife« 7 jg jg 15 tH. ft 

MM 



rT 


o 


f(i)p "V/t + rT — <20 + 


0 


3? 


- Ft 


dt 


(31) 


557 j&g^ ^ 7 


o 


c(s)e ^ds+ait)*; * — + 


0 


3* 


A 


c/.? 


(32UtX*ti»[^,^(14). 

Y A 



Y(y, r ,a 0 )=a 0 + 


rT 




tio+O - *’ rT )y / f 


(33) 


iff li * 


► 419 
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3Y/Za o >0,R3Y/ay>(). 


#(33)fn(30)ftA(31) ,3im£JKJ5# a T * 


a r 


= 1 Y(y,r.a 0 )- i>[q a e {p ~ r)t ]e~ n dt\e rT 

J o 

= ai(q 0 ,y,a 0 ,p,r) 




3a T /3q v >0,daj/3;y >0 
3a T /3ao^>0,3a-j-/9p^>0 

q() #)%mm ,3&m&(35m(28)&2f* 

q Q = <p'[a T (q {)f y,a 0 ,p,r)]e u ~ p)[ =q 0 (y,ao,p r r) 

5^ o /^3;<0,^q o /3a o <0, 3q^/3pK0 

ffeffi<37)*£*69 ?o»(30),SmTOJfe*fift *' 

c(t) = $[q (3 (y,a 0 ,p,r)e (p - r)t ]=<}>*(y,a 0 ,p,r,t) 



3j>* /dy>Q,RW* /3a 0 >0 


(34) 

(35) 

(36a) 

(36b) 

(37) 

(38) 

(39) 

(40) 


a(T) =0 (41) 

i4S^#^AJE^ffi^fmffl[a(T)<0].|»T(28)6(41)^,^ttWSfft 

^#(H),(26)^(29)iJiMi.@ili; I (3i)«i ) i?5(35)M^A 

0 = ar(9oi3'- a oii°> 1 ') (42) 

n ? 0 »jJt*g,Sfc^rM)EJiCffitt <7o* a 

9o~ <Zo* (.y>a<i>p>r) (43) 

&M,I§IJK(36),3MTTO*&SI 

3g u * /dy< 0,r7 9o ‘ /a ao <0,3<)o* &P <0 (38') 
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553 


;)<r /3y>Q,a4>' /a ao >0 


( 40 ') 


M m*t& n £a ih , m \ m. a & & m m jr a 


u{c) — logr 

(£+,(30)15^^ 

c(t) = e (r > )l /q 0 

P3 Jit (35)7?A 


(44) 


(45) 


a T - - Y(y,a v ,r) - 


l 


rr 


<7t> J u 


e 


*dt]e 


ri 


- [ Y(,y,a 0 , r) ~ (1 - e fiT ) /(pq 0 ) \e. 


rT 


(46) 


a T teA^Wf#&.A*M(46)&R] a r = 0ZSL 

ft < Vo " A 


<7«-0 _ e pT ) / [pY(y,u Ot r)] = q li *(y,a 0 ,p,r) 

MftA(45),f$ffM£XSft A 

c{t) = e {r -f^ 9 Y/{\~ «“ pT ) 

= Y= Y(y ,a$, r) (47) 

^^®^7y^>OflIr7V/3 ao >0,^fJ^J!| 


V<p* /D y >{),D$' /f)a Q >0 


(48) 



4‘« & ft T 4? ® ft ^ r ft A ft tt Kt A & «(^ m ± fti)«ittf 8£. & 


, BP, e*jA#MAAM 

si5#, » i5ia. mm&m c t, *) # a & m m & 

zm a te&.m, Kfn #M 2 j ® ^ * ( t ), a 


554 


Maximize 


rt 


o 


.xit^dt 


► 42} 


& li ■& 




nmirM 
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555 


'l 
■ 0 


\/ ] + x 1 dt = a , 1 : :a JL r(0) 


0 f .T (1) — 0 


(49) 


t ro® ,Kfn« «(()*«<(>= r ( t ), #L&n$£mk% «(*> 


Maximize 


x 


(f )dJ 


u 




x. — u, (a —\f 1 + u 2 ) dt — O' 11 

J u 

UUft(49). (r^)Hamilton 

L = x(l) + p(t)u(t)+ k[a ~\f 1 + u(t ) 2 ] 


siM p AiA ,a safest w#st 

x -<?L SP x = u 
p = -BL &x f p — ~ 1 
BL ^w=0,^F p = Xu // 1 + m 2 

IUS(49).^(52b)W(52c> 1 «mS!l 

f( 

dt \ y 1 + h / 

TO#;*/ 


(50) 

(51) 


(52a) 

(52b) 

(52c) 


u _ £i_ t 

V\ + u 2 A 

S MlP^WlM\L « = ar(t),#K*(53),3femai 


(53) 


U-ctf + iT-ct)^)} (54) 

^^,(54)^t^(c l! c 2 ),^ A a<1 Gt.ffllB 

li.i). HiEtain^M^ a^i.a-^^ «>f 
f’ZVmUSL.WMm# 


l^a^^/2 

®cmM n.i a 





556 


(54) r, |Br 2 ^M^ja^^{4.aO)-0ffi. r (l)=0^A(54) 

t'1 + t '2 — A 2 , ( 1 — r 1 ) 2 + C 2 = A 2 

Ritt.ienw 

c 1 = 1' / 2,C2 = v / A 2 -1/4 

^(52c)ffi(53),SflJiiI«tf® 

/> = -(i- 1 / 2 ) 

amlSn njffiffl t‘i = 1 a . , (54)M',}#S1J 

u = - (f - C| )/(.z ■ r: 2 ) 

j&MiHIffi ir = « flA MitM^A(53),ft*(54M# 



A 

VA 2 - (t -ct ) 1 



A -fff, & jtfc BP kT & & c 2 ffi 

J3] 



a ii.i 


§11.4 etalSflHq 
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^ 3 TttA"^,j&#fi<j—MflTn 7 #JiL El-Hodiri 
(1971,22-26 JH") m Mirrlccs( 1971). % fa 

..k- J21 
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^ftfliMMf»JS. [14] 

^it—RJ, XX n n n& ft'A 3 SE& J& T ft WPH & ffl ft « % ■ 

»,XX r r(0)-0,O p(t)ikm^ m u mM 

S t y[p(i;)]*^Stl[Affi« /(-rfy/<//i)<O.^M]«ffi 

x i^ m j&,6 & m * n w , ji jft «*# % ftvm # a. u m jti m x @ 

gp . 4 y( t) isi ±ieaj te&ssts. bp , 

tfeSL}* 


C7 


V(T)- 3/rp((-)]de 


(56) 


0 


& *n , t wms . m» r mi-mtiii, n 

c [ y (r) ] x ji &x r&* ■ * m, & r- au ^ & n # w « a ) & & ■x & ^j 

pU). 




t/«(Oy[p( 0]-r(r)M/>(!)] U*-c[y(T)3 

o 

ft !k&w% 

Y( t) = y[p(t) J (57) 

T^K56m^J(57),*[0,T]±^H57)^ilj(56).^S 

-tfimi’#,j(t y(0£M'M-e. p(t)&mmm. 

mh : n m , mn eh m 


p(t) = P[y{t)] (58) 

& y {pm&miM&r , ^dP/dy=\/y' <$.^-f m-- pum 

MSftftM# y(t), 

Jr= 1 J^[ 3 ?(t)]j^(f) - r(t)y(t)\dt - C[ Y(T) 3 

J 0 

Y(t) = y(t) 

y(r>fl?(O.T£fc^|B!SfHJ 

Hamilton ® SS[ SL$& 

H = F[^(i)]^(t) - t( t)y(t) + q(t)y(t) (59) 

xx q ( t)^m^m.5D ,Y= y 

Y^dHflq.W Y(t) = .vU> 






(60a) 




(60b) 

(60c) 

( 60 d) 


q — ~dH&Y& q(t) = 0 
3HAy = 0 t RP Py+P-rtq-O 

-C'[Y(T)}-q(T),it$, C'—dC/dY 
559 &.M, (60d)X^^ 

AU60b)A(60d) *, HP 19 El 

f,g(0 = tft = -c* (61) 

t VX MR(Oid 

^-#tbA^(60c)#^ 


MR(0 = r(t) + C* 



O,(62)^A»^ ,< A^|0j^»f"^Mji!!l MR = MC ,&S MC 
ap, (62)£igLtW MR - MC 

fa®, £*£&«: t 


rj(t) = y'P /y,fJf^ y(t)- ~P /(P'y)>(\ (63) 

^-. &(60c),(61X&(63)kT& 


pit) 


T ( t ) + C * 
1-1 /?(£) 





tfflpfc t,% 1- 1 /rj(t)>0 (65) 

p(t) = V~i7^V) (66) 

^(*o)>7(*i)»tt^ p(hXpUi) (67) 

^ i-jfir. 

mmm% t, v (t)-t&M,p(t)£ 

r(o)= o,m pi o) = c v(i - i/ v ).m^r 


# J3 3^ 
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'I 


* 





Pit)- p(a) = - l r ^j ) /ri >T(j) (68) 

r(t).S-J^[tlS 11.2(6)^0)J. 




a 11.2 

mttm z(t)=i/ v (t) ,m 

p(t) = (t' + pe')/( 1 e) (69) 

t '^dr/cit $L£ ^d£/dt . ^ fti (65)^ 1 - e >0,)jff UJMXGSjt HT-f# tb p^> 

o m% s (bp, £ & fJH&is & t d\ m. & w# ± m m ± > * 


r+tx'> 0 (70) 


e'^O.gp ?'<0 


(71) 


567 



HP,/> >o). (msenhut #J 

Qhta( 1975,94 


ft ^ , -Eflbfl J ia=r ft W W ife Hft - 


a v >o Mft&MJ p< o 

%r»m w. & im, at “^;r £**isy»«. #T.»w mi& . * 

& t- Em wmi. t m& , a «st & * ^ a s m. ^ m m * m 

m±. 


426 


► 








562 


& ft** mrnfo wmt Mi. 117 1 

sjs , m} m % m m t ® #- a xit h it %. n 

* ?ff %3UtM t- m £ ± ft] m ^tiP f: A mJ ;fij ri'f ^ k ® tz. 


F(y )= 


F(y‘)dy* 

0 


(72) 




F[.y(0:)-r(t>3r(f)l<A-C[Y(T)l 


- 1 0 

H0=y(r)TM^«#y(0,M w &$]£;*;. 

*#Rfe&'T'MSI,£& Hamilton » H A 



H=F[y(t)J " t(t)y(t) + q(t)y{t ) (74) 

5t* 7 ( t) Ji AM® ftl® A, Mi-W [friittfeja^^j mSAffc^ *1 * ft) 

qumtm*. n m rt # ftj^g&tt a 

Y = 7H >0 9t SP t r (i) = y(i) (75a) 

q = - <7 ff v& Y,. ^ f) - 0 (75b) 

aHfly-Q,W F / [y(t)]-r(t) + qU) = 0 (75c) 

- C'[Y(T)} = q(T) (75d) 


in JftfiS# A ^ , BP p' (y) < o, SB^&ff=tk£*{t;lWft )Mft . 

58S [b(75b)^n(75d),pr# 


?(() = #»“-<:*,&£ c*=C'[ Y(T)] (76) 

&%M«^^ / AVjrR]®rtt^^i)<j^^ffi) ! ap(61)^.*(72)^^Fft)^ 
A, M m F'(y ) = P (y) = p ((). JSfCt, E±) (75c)(76), W 

/>(?)= r(t) + c* (77) 

MC(c‘).* r(0)=0,^ ^(Q)-c*.^#^S)»ftlM^Tc*,)i-tr u * 

w^,/»(/)-r(on«irff(.(77)aa^tTmitmp] ! irt 

Mc.^H)i^m^^ftiis«^,p( t ) - /.(o),^jf 

r 1 Lvs >r(l)+c * <76) 

JSffUi.Snm c* Itt, 

► 427 


# it Jt 




ft) S ^ lil a: ™ i2'» E S, ai ^ St« 

$3 Iff ffr, J?->K'A7 P 



p(t)-m=r{t) (79) 

) = m+ r(r)m = /)(0)^^TJ J ^.ftii# j lf 


x = T lP[^(i)Jy(0-r(f)y(0Ut-C[y(T)J 
J o 

= 1 my{i)di-C[Y{T)} (80) 

J<) 

581 y(t) ,& JT Y = y. (W.J^JSC. Hamilton 


H=rny(t) + q( t)y(t ) (81) 

ft * <, (e) £ W mL - N & Pi m (Hi •&& ( R-ftft ) * 

Y = 7H^^,^P Y(f) —y(f) (82a) 

p= ~dH&Y,W q(t)=Q (82b) 

3H &y — 0, @P 7/i + ^(f)=0^ (82c) 

- C'[Y(T)] = q(T) (82d) 

tk( simn 

- q{t) = c* ~ m (83) 

ft+ c*=C[Y(T)mm t #3rfc».ft(83)ttA(79Mi 

p(t) = r(t) + c* (84) 




11.4 ^Pf}»: 


565 


*1* fifltKfaaiifea w ft 60 m ^ m m ^0^ m, r * & J&a rj #?# 

i£iS 0 M&, ^ y, tern i w j 45 is ^ (i = 1,2, - 1 n ). a« 


428 ft 




rfi % (ft feSt 4^ ■ 


dp, /dy, < o (ibj TMM m ft m ), 4 


/K 





jj 


*■=^[^,(3?,) - ry,] ~ C( 

r 1 C = 1 


(85) 


V, >0 i 



^.y; = 0 , sp R' = r, + C* ,i = 1 ,2,--*, 


TZ 


( 86 ) 


^c‘ = c'(S^MMC R J?'=dR,-/<*y I .&&f ! l : ffi 

1=1 

Tfi«i#,MR MK = MC MJi(86)M#^ 

i,z ; = o. 


*= - ( 4v, /dp, )(.p i /y l )=-p , /(P,(y,) > 0 


#(86)&^3f 

_|_ , * 

Pi = "I 7" ■ #r # £; = 1 , i = 1 ,2 , ■" , J1 

1 

i,A>o^=fr 

1 - e,>0 


(87) 


( 88 ) 


Wjffc0< £( <l.^-Hfrfl ; (l- e ,>0)^^ i tiWUMK 

A = c*/(1- Ei ) (87') 


56fi EHjtfc^ 


££?.<^.A->A (89) 

ik % 0 J & R] BM4 Hfa to TfT &± # & SL® M. IE $P itij ® flf&gij K, j& 

iisn^^NffeK Wkmn jva, nmfi ut ?, = v (mu *, = e ), m 

[±j(87)^l(K8>Mr^ 

A _ /'o == rj/(l - e) > r ; , z = 1,2,•■■, re (90) 

J&S /.«= c* /(1 -£).#H&#&Rjjj/pj|£Jfe r ; = 0,,M,(87W# p 0 

M. A - p 0 , ft^KipKAttjS 

A ( T; ) . 

w &in m * pj mm * , a (87), 

► 429 


&1t0 




A fh A i,} , p, - p. 


_(l ~ e,)A t + (c" r ; -)Ae] 

(1 - e,)(l - e,) 



Kt Ar-r, - r . & Ae=e,- - e ,. j kJ i M , 


jiU^ Tj^Tj^p, - P;> 0 



567 


?J < 7 , ikls 

,ii^ r] wm^mmEn . 


*t t & $ & m *Ne #is m #n-:A&<j®!& /& ««fft-. a - 

ffljsw w nr ® jp flirjgff & ( j*l & ?? [ i7 ]), & m® iff, a & * n ^ 



0 


P ( y * ) dy 


* 

c 


(93) 




FT 


W= XI [ F;(>f. ) - r^ ; j - C ( Xy ,) 

i = l J =J 

a),UUE w AA-ffc. 


(94) 


568 


430 ► 


3W foy l -0, Bp p t - r, + c * , i - 1 ,2, ■•• , n (95) 

iiffl />',<0,W^m^ [HI,J9f)a(95)ifeS^* 

fe#&*(T i ))flS±jm f \:.? 1 f&*(c * )■ ,A 

JtkW£#0Mftrf^ r-Of# IMP 

ffr^tife+aN-0^(88)^ro< er <i,®in^i 

( T, + c * ) /(1 - e ■ ) > n + c * (96) 

mc (c * )ji‘i!r«[.ftug(87)a(vs),(%)^9i?jma^fli 






P, - m - r. 


I 


(97) 


(85)T7J&^ 


7T 


p 


= 2 [ (m + Tj ) v, - T,y ; J <” ( 2v t ) 

r” J f A 


- wY-C(Y) 


(98) 


mim >-,>o, m mvt^m n & 


m = C'(Y) (99) 

± ^ jfi Bs J® *, Mr. r £ . 


► a * 


[ 1 ] TfxjJc |) ijt ^ Takayama( 1978 ). 

[2 ffi ffi 99 ft Takayama( 1985,660 ~ 664 £ > * W 3J, *E g i, ■" , 

[3] ^#5lI(H)),li^Jffl(4).(5)fn(6)« 

■= • x + L u * m + L t + • /> +■ l- g ‘ 9 

= L,’/+L,- /‘+ #■<? = L, I g*9 O0 ) 

^ gj =ojij g^ = o.M-*ffl 

gA = 0iiU gj =0Or«lt),Stg.g = 0.^,^(l0'm dL/dt=dL/dt. 

[4] *nlM$inili LM^(- 

. &'nJ 

jtfJSfr’f iSA gjtx* (0. «(r),t]^:0,; = l,2, — ,nT'ftg,|>* (/), 

w(f),f] = 0,j = /«'3 1 ,-■■ ,»i ^!*{0£L',^ 

Hi j:*( 0,«*(?),,/»" (e),A* ] 

>Hl>*(r),u(/),t,/»* .,P*(t),A 4 ] OO 

Yaari 10 


srii* #«*£«iemrr,* 


► 43/ 




PhiLlipC 1974). 

& to pt® tt (1 4 ), m am £ m a # ^j © u^j * j 4<- ^ ^ im a & 4 1 

-MftAftMA.SP AT)££Aft. ^MK)^«^iikAEAi'i^® 
%-, ft &[] W A £itft JUJ «C T) Bf Dm m ft).«C T) ^A ft « N ft £ Si 

[s 1 0f uMrfcm&mw) : bj!i$Mi£.u cattail 

[9j F*1 ft a ft )ftft Kl, . R!U ( T) >0 * 

, lid ;*-■ft A& nim® a ( T■■) - 0 « flu ffi ® (A ittJ# Mft). 

Gdfand ft Fomin( 1963); 

Hedley ft Kemp( 1971)ft Simmons( 1972). 

[nmft(5Q)£,&in&-BS%}&^£foM&i , t 

(a v 1 + u z ) ilt^-0 (50 ) 

J o 

a.&nuA ffiMfimftm 
-MSI as. ingfcff im , ttoM -A * (50 )^ .41 Mffitd. 

[i3](55>w^aiwm^pj 

r i 

“z:— —^dz — arcsin z 

vT^ft 

&S (t-l/2)A. 

l 1 4 ]&-—nr etj^wir m 1 n m »j 5 m w £ far ft w a a #ft (# jaft 

TO^RS^TMiifcflfSM* ll.l ftft&Mtiitt 

Takayama(l978). &ftW 

Mark FratrMMM. 

c 3£ft y j^paw, s—iP^ 
n6]3lft^,l-l/ 9 >0(^^4frJft, ? >l),SXil-^-^«fr^RlJ9f^ 
ft. 

l 17 ] , am £i£tfttf wwmmm w. mi* 

«*£. ft m%mm ftratu^T , m p^ ft . (*#&, - w rt * rj 

W A @ ft N ftft 1ft, E3ft ft M-IT£ * % FOB ft, '£ * n&m A ft TfT rn 3L \w 

[ 18]j£ft|ft^ H UOfe ft ft Takayama(197S). 

432 ►. 
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Ar-Ar,.r ^0 ( 45 ) 

m&mm A JA fts * ^(# 1 ® a)(Hi 

*#»*. Az = Ar * 

(AI-A)jr = 0 ( 45 ') 

5^ a j—- ^ - 

f(X)=\XI-A\=Q ( 46 ) 

j*S>,|A/ AHi(AJ-A)fi«|fi?!l^.ffiSJ&,inm A £( 46 )& 9 *!Ml!l{ 45 ')# 

x. B|I( 45 / )ffi( 46 )^ffrM.*-g( 46 )«:* A Wfijg. 

[W A, 5 ] 


G) A = 


GO A = 


'1 

1 

.1 

1- 

1 

O' 

.0 

1- 


,i = 


A-l -1 ' 
-1 A - 1 - 


= A(A- 2 } = 0 ,gtA = 0,^0 2 ; 


,*U) = 


rA-i 0 

0 A - 1 J 


= A(A- 1) 2 = 0 ,S![A = IOR 


«). 


% A = [ ab ]&nXn?&mniMfc 

fKA) — A* + ai A " _1 



f ‘ ‘' + « n - 1 A + a, = 0 


( 47 ) 


Aj.Aj.^wrggA^AjC-a^j.jjfcfrmm^watt^ a, 

Jr A ft™, A -&*f* J^|W)^€tS 


W| + w2 + “' + m k — 11 , 7?7 A , tw2 p T ‘ t 

5 A fl)|t#ffi|A felll 1 A 

[WA.6J ^ n=2.M^Wm^l3 

A 2 + &i A + ^2 = 0, 


Pfijt A 
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(an + a\ 2 ) >a2=aua2i ~ a 2 & A 

~ @, fr J £E{t^ 


A 


1 

2 


ai + 


C«,'-4a 3 )J 


* L %\ a 2 .m a , m a 2 v\vx%L%m^ ai 2 -4 Q2 >Q'ms.m. 

«J 2 - 4« 2 <0>. Ql 2 -4a 2 = 0 A t = A 2 OS5tM).ttMl£ A t 


A 1 — a + ib , A 2 — — ib 

,i = v^i.W A.6 SeSS 7 # 

»]= ' (an + <212 + ■'• + a m ) ,a n = \ A I (48) 


59S 


^Xj(fW*l.flu + « I 2 + - + a m «^A M,ffi>JtrA.iA(48),mnfiJ®fW 
( - ai );H A fHli^E- 

ttSjn# 4*4SftiH|njS,idiSfcJiiin^ Ar^AxjiJ (MsMiS 

ft >•&£-■t H ffl n mmwfc ft *. ® #- #. £ Rf |g * 

IhI &I"] m X jfil y,£:i*#{£& d e K, ^&(—1-*££“1"MtfSf) ,#£ 
*T—~t nx « £###&#« 

^ 

jg-^itfr. 

®(vi)SJ(vin)IMfAU—'* m^a v = a } ,). 

3sa»^(v)ifl(vii)+^ a mm& 


~Xi 0 

0 a 2 


lo 0 





[£& A.8] 

(i) JP& A,,A 


^Aj|tnX n 


tr A — A L + **• + A n , i A 1 — ki& 2 "' A„ 


(50) 
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(li) A MMIS5MITA 

(iii) 4- A 1 ,A i ,-,A n MeA 3? 

J&WWMiEfiJtSM* A* ^M®jE^K»«C)^A 1 *,A 2 *,-, 

A^.teJaatlftfiEfaSJi x^x 2 ,"sxV#£fJife, A-'BiftfiE®* 1/A,,-, 

1/A n . 

(iv) A k 4#M 

iij* x 1 , x 2 , ■ ■ ■, ^ . 

<v) Jam A Mn ^#fiE®A,,A 2t -,A„ ** 1*1 itt, IP 4 A pmfctt 
^f[n] 


P“*AP = A (51) 

n X „ £ 1 $ ,x J ,xV",x" 

&lft(?iJ)#fiEfo#. [i2] 

599 (vi) » A A W^fiEl&lfiW 

(vii) 4* Ai.Ai.-.A, SA 

*" Jp4M A x'.V.-.x- 

A 


P'AP = A [I3] 



J&teJ£jH£fcNBPXr-1s!J i^j =0. 

(viii) M A A £*mc£&,WJ A Ji—^O & 

P¥. 


j±. - 4^]* P &£—4 JL ^« $-,**. 

P / P( = PP')=f (53) 

— ■t P _1 = P' ■ fit—4, SL iUS. ^ « 4r« 

1 jSE, -l. [14] Jta A.8(vii) t«*^P 

= x f *+£<r#tf t $-^(51)** 

(52)^t#^(r A £§ ]$$■$¥(spectral decompositions). 


§ A.7 


4 “ A = [fly] g-4 n X „ gg|$(£«_t) W € p n 

»lij# - ± ft Q (X), m 

0(-c)=x'Ax( = SSti^fX.) (54) 

i = 1 jf = L * * 

A ^ 453 


eoo 





jEsnss i w, q(x mx-'t (&) ^ dim. mmM.m 1 : 

(i) A ffc*£lEj£tt x = 0 »l X M Q(x } >0; A 

JiftSW.iflSm X = 0 ^«J9r^ x wwQUXO. 

(ii) A #R£Xt0fW x MQ(x}£0;A 

W,Sn&xtJgfra x TOQ(x)^o. 

A.9 , 5*ffi w# 

[SiA.9l 4Aj£—4nX„**|fc£ft,fi Q(x)=x'Ac. 

(0 A£lE£«(fc]£«),!lRttS A 
(ii) A A 

JEW). 

601 (iii) SP#A*^lE(ft)^©,fiSP*Aji^#W t ai4AjllJE(ft)^ 

w. 


a.:*** 0.*fc*;t« A. 8 W 

^Ml(iii),A *.# + #*&. *&« A.8 

(52).^^,^-^it3t^f^ P,&# P'AP=A,itZP'P=PP / = / .*& 
J&4 3 ,=p r (i^^ arttiE.«&),dtflW 


xAx = (Pr)'PAP'(Pr) = y'Ay 

SJt.A-inT*^ Q(x) = xAx% 1 ^ 


x'Ax = A[ 3 >i Z + X 2 yi + ‘" + A„y„ 2 


AUt—A.&ff A.9(i)Mii)JiMA. 

[ft A.7] @fcft A.3 = 

s=[ax f /3 Wj ,]Ji 

nX n - S , H i Sw = 0 £fl S ^ Samuelson THjSU^^ 

m*~f, s n - 1 . jE 5 P^m«J 6 sj«, ™ 

tfcft W *'*'& < 0. i£M * £ SPOTa S £ & J£ W, ffi &T “#m 8B#'" ft 


60S 


£W.0*|feS=B-l,jB[£& n frmmn ^M^SJ»(n - 1) X ( „ - 1) JE 

9 s -l) 

0 |k| It z , W ^ S2;<0.4“ Xij^dxi/dtyj , E&J& 1 $4 W3£S 1-3 &5 (ii), 4% 

\WM 



X U Xi2 

>0, 

*11 

*12 

*13 ' 

x lt <0, 


2:22 

*23 

J^21 


*34 

*32 

*33 



< 0 , 


» » t 


A*iA ^ 




%%%omn-i)mmm.mnf]nxtKG.&m * 

ffi^U i = i,2,-,n -1 ?if^(1 

?r*n£ l JiamSr^ffi-^SScS^-# 

"fiit ifc), mi m rt m **, < o, * itt, mm 

i = 1 , 2 ,‘“ , ji / Ut £*,-<0 

xtm i=i f 2, -,«,ss * i #s * ep 

&%. Q(x)=xAx ffffi^&M. B £-*^ m X „ 

, § M. Hick 946)^11 Samuelson 

« > m , ^ k = m + \ ,m + 2, ••' ,n ,isi$L A ^0 B : 





flu 4 # 

• 1 * au 

<*2\ 1 * 

m b » « • 

ft ft ft f ■ 

* * * aik 

* » 4 ft * f 

Q t ■ b ft ft 

•• * * 1 f 

-«*! ’ * 

• ■ * Pi * 

■ * * a**_ 


• 

# 

-b 

i _ 

■ ' * *u n 

4 

V 

4 


* | 



* * V 


b 


JH* J 


60S mM^(n-m)^ A k m(n~m)^ £„,*. & —jTFffiW n - m flPj&fr 



B m , t 

A ■ 


,k — m + 1 ,m + 2, * 


. n 


ft 


am JiJSfp&TnjfcilSJi 0 ft m X m I c k \ £U + 

A ) X (m + A)fT^. jlSJeSfefll^a A-10. [17] 

[EHA-JO] ^A 

(i) ^ J BfT=gfiSJ£^0fiBr = 0,^r x'Ax<0,^MS(-1)*C*>0,A = 

m + 1, m + 2," •, n ; 

(ii) x^o a& = 0,£ z'Az -1)“Q >0,* = 









m + 1 , m + 2 , 


i * b 


1 


n , 


► aw 


* raa. mm&T, msu mi* sr %_tt* 

[2]«ffi(20)tW3®P¥ A j£B 


[3] t&Sjjft,M A J^-'t'lfrPSK n X ft & m ) , Jttl &A.5, A J§«# 

w^a^Srank A=„.sfc*(25) f ^jnpny#^^,A 

{e^ a w^i^jv m%k%^,N 


J&A fn B Ji |*| gf j£ |$, aft A = m,$t B = n 2 , HI & (28),ft AB = n,, 
ft AB = n 2 ,0flit «!= r 2 . 

[5 ] sam®#JBaa#, b« . ^Tjft ranw 

&*? , J£ Shilou( 1977,78~82 K), Halmos( 1958,55 ~ 68 M). 

[6]^ b m$\M. %>% TU) = At + b 


y 




- [£fc T(x) = At + 6 ««?*»#*»]. m 


,®tn 



i«i x w y «®tJHfP&SKi. ^ 
x m y &%m.m w nm , ^ (#*?'J m [ □,> ] m 






[8]M^a» t\= r 2 ),inJH 

tt?x T 1 U) = T 2 UM8') + M& TrTitTi m T 2 tf) 

tti(8)^65ii mm® r,,^ 

L9js«»as f «f*t i,2 f -,« w- > h*ife f S£ffj**i—^—ut»u), 
s^b* «^->M!!fc^5ijM-^(Htt, * tejiauns ).&*£■ 

-T i = > tt,ir(i> = *<j)*&£±. 

[lO]#0E|S]M^fi^^ t S^MgM^^ Az = Xx.%-1j 
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[11] P p - n Eiiifrffi(i), 

[12] ^*^ JSC. Ax' = a A' A;, i = 1, 

2 ,-, n ,w Ay = Ay. M a, ,# «fnpj 'tiM x f • y = y • ^ = o, (^ 

j),|wj0t,x'*y^o. A lt A 2 ,- ( A rt 

m 


x' *y = 0,y \r J =0, .^‘‘y^O, i,j = 1,2,"*, n 

[l3]SPmAS«^,J[!'J A = A'.Wl At' = A,x' Jtft A V = A^. & £ £ 

ft 12,Jam K^jMm y •I' = 0. 

m A^-^M.tWP A,^s>lJlJ#£ 

[i4m pv= imt^mp \mw p' = p _1 .#p'p= jmfc&frfli 

;£,$M<33)ft(36),$HnMft^T&]Pl =ig£-l. 
[15]KOT^»J®WC51)lPCS2)* 

A= i]AA*y^ A = SA r x , *x ! 

1=1 i- 1 

&my 

[lemm a # a, >o. *nt,^n 

i*m®rW,SP£ A n x B fciP$C,®f$ 

x'Ax = x t 2 + z 2 2 + •- + z 2 „ 

z'Az = — ( Xj 2 + Z2 +-^ x 2 ) 

[17]^^:®^ ,JiL Mann(l943) fP IAbreij( 1952). (i) 4 1 , I C k \ 

C„ -my\"£ 
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605 ^f—^ W % Ponstein (1967); Mangasarian 

(1969);Newman(1969); lilil Diewert t Avrel fH Zang(1979). B 

n-mn . [1] ® innai-fc# m wm, #%&■tmzm 

ftUcin^j Min 

3fe9FSS—TIRMSUejrai®. Arrow m Enthoven{ 1961) 

^H^4 l ife.&.,Ja3fe Mangasarian( 1969)ttlfe 

—iff&®#(i£5fe 3 =f Mangasarian 1969 ifO Martas 1975 Zfe ) WS3S&. tt 

Mangasarian(1965) i j| A£K). 


§ B.l -t#[Hltt [2] 




B 


#7^ &&&&&&%$ — $2&*£ 
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606 


/(x)S/(j: u ) 


tea 


/[&+(! — d)x° 


^/U°) 


V x, [3] x°ex,0^5£l 



[%$l b. 2] auc/ut^M^fiUHSft.inft'e^iHKi.^s: Va:, 
;r 0 eX,^AO<^l./U)>/U 0 ),*£tiJ 


/[& + (l-0)*°]>/U o ) 



/(OSS/fa; 0 ) 



/[& + (l-tf)x°]>/U 0 ), Vj^°eX,x^ 0 ,0<Kl (3) 

IS&B.4] M 

/[& + (i - w/]>^(2) + (i - ^>/(t°) , v x,/e x,o£^<i 

(4) 


[^SCB.5] 50^ [4] 

f[6x+ (1 - d)x°]>6f(x) + (1 - 6) fix 0 ), 

v^j°ex,T/j o ,o<0<i (5) 

B.l KaramardLan{1967). 

60? [giaB.i] /WKtpatt. 

liE$J :.SiL Karamardian( 1967 ), Mangasarian( 1969,139 30 ,Jk Martens (1975, 

45-46 3O.0it,#m,M /&§s,(2)ffiifj /racatt. 


St!4- S %X 

CO TMl/jiiiC.&Ba*#.,*& f&S 

(Li) dW!S./ J tF#-&M*it.F* /£S 
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^rJKtAX. 


608 


&feX,8MBA 

[sib.1] 

^iR pa ® »(@ tni ft). Mifrii* . 

, m f x &f M #& ft * M L ffiSAbtt®, 

\m i°, w /;° , bp (* 0 ). i^TiiMT b & m m^m&i- 

[^^b, 6] Mft 

/U)>/(x°) 



f 0 - (x — x°) 5*0, V x , x°£r X, x^z? (6) 

n. ,&( • fume) 

jferfe 

/Xx-x 0 )^ 


It* 


/(x)£/(x°) , V x, x 0 £:X,jc^=jc° (6') 

[^XB.7] 

/U)£/(x°) 

Ji/B 

f °.(x-x°}>0, V x,x°£X,x^x° (7) 

J X 

J®l#s# / * rt&tt pa fid - , (7)qr^tfm*i£^ 

f 0 *(x - x°)£0 

»/ X 


fux/u 0 ), Vx,x°ex,x^x° (7') 

[5ISB.2] 

(0 / siasii.aitta 

- ^ js] 




A 0 -■ (*e x 


(8) 


{io 

A°’(.r ~x li )>f(r) ~ fix' 2 ) , V (9) 

Cm) 

/Cr)=£/( .r 0 ) 

/,°-(,r “ x°)=£0, V x, x^ X (10) 

fs] i£ (W. Mangasarian, 1969,140 H ) 

Mangasarian( 1969,144~ 145 ® 

m. 

[£HB,3] 

(io 

(iii) «(i)W(ii)KiM^«i. 

(iv) PfcQi - 

ffiW:M.(6)M(9)fi«t(i)flKu). mvtm (iii), km & m 

Mangasarian( 1965,1969,145®)® lit T#|?SU£& f - 
[flB.l] ^>f=R-+R,feX% 

f(x) — X + X 2 

x>Q,f$LR R ±£ttia®,H*/'(x) = l + 

3x 2 >0,il 

Cix~ x° )£0 =>x - x o <0=>x 3 < (x° ) 3 

^>/(x)</(x 0 ) 

pr^r, %x% 

fix) = 0.5x 2 + 0.5, £ x^l 

/(x )-x, f - l£Sx^£l 

f(x)=~ 0.5x 2 -0.5, Sx^-1 (11) 

r _[•.%,=? * ^'TO.SM/U(7)ij»jE,Bjtfc /jsrf&ttogft 

« ai ia &. * itt, am##! b . 2 . 
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610 


m b.2] 4- rR^R,zx%i/(*) = aar.m 

xj r u)=o,m_x 

sm^iHH4e9Pi4«E^i^M^«t Eoe« 

;>£■ 

[mm b.4] [6] 

awi&ffiws#—■f^,4/(x}>/(x"),^,4 I ex,^4T 0 .^ / 

F(d)=f{6tr+ {l-d)x°]^f{x°) = F(0),0^d%l 
F'(0)<0.@^7 F'{0) = /“• (^ - J^/><^ f 

[iaB.5] %4 m#i mD a m »,ifn. 
w.m B.4 .sjft^sK^. 

#i b. 3 ra(7),$m*£s b.s 

UtTSife: 

[#ifei ^(7)ite f n!i/jmfest[yj®»t. 

B. 3 ,#aE 

/ s (0) = 0. 

(c), (SC), (PC), (SPC), (EQC), (SQC) ft (QC) %“ Ml'\ 

pflftvTM&ttW\ IHH4vT#i $ la te” ft“#t H 

611 r,amtfflB.i *#igiB.i~B .5 


(SC) 


(C) 


* (SPC)-►(SQC) 

* (PC) -►(EQC) -►(QC) 

ffiB.i 7ttE3tt(HWa»*S 



§ B.2 


4 Ax)%&x& ir x _mmm 4 /, * 

^a? ft ft inttSffc 




x - a x jan^—t a wi m », nm 

-#^p n n *w,M / r ^of jd* /u)a#^—^^gatsii 

W&tt /X0 £+#£3?ft. 

b.6 wm. 

[MB B.6] 6MVi6 X, AAOJP^ / 

(0 /(^)MMaSlfc; 

(ii) /U)£fi^miH]M ; 

em (LLi) /(X^tttHlM. 

^X°%x AVO. *1? 

P(x q )=\x€: X‘f^‘(.x- jt°) = 0^ (12) 

fntr5fcffiW3iHB.3ftr&^&. 

[^ias.3] ^ /urn x x°e x,waV 

o.w&nm 

ttl^P(r°),/(i)</(,“) (13) 

CERB!®^ife^5:,BP#^-^xeP(x 0 ),ffi# /U) >/(*“). 

/Mi^.sfnWAefi’.ftu+Ajex,! 

f(x + h)^f(x°) (14) 

m^a°-a<o.^ *=x+h.m& 

matmnmi 

fj>. (x - j: 0 ) = />(*-*“ i-°) = A°’ (* - i°) “ /* 0, ^ = 0 
fl(z-x*X 0 (15) 

(14)^Jt. (W) 

®ffl^lSB.3,^fnTO0JSa B.7 *£tt£rit. 

[I1B.7] ^/U)^x±flX'H£(M&,fgS: 

x€X,f x T*0 (16) 

613 vEH -Mfe f *EifoWmtLM &* (6) ,#£ x°Aex.i iVi 1 

Ax 1 )>Ax°)K f?-(x l -x°) = o (17) 
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fI/(.r 1 )>/Cx°) f a-^(13)M. (») 


;tSB.7 B.4. 


[®fl B.4] Qf:R-+R &f(x) = -x 2 S5t-ra^/JI(nS)IH]®»C,Jgff 

BH*eibJ^ttlHI(ifcJ| ; WlHI)S*C.flJi,/ x (0) = 0. 

B.6 &&M B.7 f#iij, fern. B.7 %WT f x *0 

B. 3 ffijgffi B.7 . H (12) P( x°) 

PU°)=UeX:/,°-U- x 0 )=O,x^x°| (12') 

[^|1B.4] t /(x)JI X X 0 ex,t 

^M^l^P(/)J(j:)</(x C ) 03') 

/U)>/U°) 



/U»/(P),Vi ) i 0 6X ) i^x" ) 0<K1 

^+ (1 - S)P. i i . 

f®' (x ~ x 0 ) = Qfx’ (^ - j: 0 ) = 0 

mmma&i$;x€P(jc o ). /^swa/^o.an^ra# 

f(x + h)^f(x°),3. f*-h <0 (18) 

4 z^x + h Jp^nTS'lB 

0 = /> (x - x°) = /> ( * - h - x°) = A 0 - (x - X°) - A°'/i 

H#a(i8)^/*fc<0,ISmr 

/ jr °’(z-x°)<0 
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(M) 


B.4, wT#£Jl B.8 

[msB.s] 

v£M :fg&^i&M£,M£#ft/.I'e X.M 1 

/(T i )>/(.T°),^/>(^ 1 -.i: 0 )=o dr) 

w,/ft9««#^r/>(i l -x ,i )<oKrRrt6tt.<as**iefls®a6),/ 

m -v £s b . 5 ££, j or w s.#j *# as mrs i£= 

jftfc: gift. (16) J Wrft .r e X , /^0 */ MEH) ®», ?*fM^ 

[s^b. 6'] ®»/#iJi*a£x 0 AfcJi»«eftia,in*/^o,j. 

/(.r) > f(x°)=>f® m (.r - x°) >0, V x € X JeLt^j: 0 (6") 

615 i^b. 7'] eg»/»ist*ftx 0 4hs»airttftia,^ 

fU)^f(x^f^u-^)> o.Vxtx Ri^° co 


B.rm b.s wisew = 

S^^X./J^O (16') 

£|5^ /ft-r 1 itlflttHII. 

[smb.s'J ^/u>£x/ 


§ b .3 tmmM 


dnTNi : i#xei?",t# 

(QCP) Maximize/(x) 

matm* 

gj(j')^0, ••■ ,g w (.r)sSO,x^O 

S-(SI0««:*#lHa*ISia(QCP),Arrow W Enthoven(l%l)iti£7&- 
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TfcTJg-NJ65(QCP). 4 x° * (QCP) , Eff 

S3 6 (M) 

4 g = (#1 >ff2jiL A = (Ai, A 2 ,”' > A,„). 

nmm% 


®(jk,A)=/(j:)+ A * g-( jl-) 

(FOC) ##-4(x 0 ,A 0 ),^O,A o ^0,t.# 

#J<O,®®'.7- 0 = O, 5 (x 0 )S0,A 0 -^(a: 0 )=O (19) 

R 4 <f>° ^jp<P £ 7 .r fafi -4 W &* 0 At 

/>A°giS0,Kit(/>AV,)-x # = 0 

A° g ° aww. 

JnL#& , & (POC)^t^}®Ltj^#(M). Arrow $1 Enthoven(1961)^ti4 7 li(T 

2:? W & & t 

[flB.9] 6 MT{FOC) *ih (M), M aT ff -mm ffi$ M, & 

4*/ J ? = ^/(.*°)^-r t : 

(i) J*t£i,/ x °<0i 

(ii) i,”Mf?> 0; 

r 

(iii) /.VO.ii/Jin^^fllTOCHIT/eC 2 ); 

(iv) /MM. 

s x,>o,®4^ i 4£I*£SU M 


>JM±* (0 7 i0f*< iiO " W'&- 

41, 4Ul ^Mn£ it. w & ffl B. 1, A Ate* 13.It«Jt A 
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*»*. / ££*& tar a it, 4 *. / jtr »& bj &&, # (Fa:> * - jt# & 

(M). 

/; 7 M (Hi ffi, £ ifi'7® »«f0® 7: 
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&&*** Dupuii_( 1844), )3 & MarahslK 1890, 1920)J9rJfcr, J£ ^EE ji 3 Jfi 

1920,842 m. 4<^ftfn^A)(1939) 
+ , Hicks ^iitm“#^tt^^”*0M^#fJ^.Hendcrson(1941}^ai,|^ 

Marshall ««&. 

Hicks( 1941,1942,1943,1945 fP 1946)*j&—WJS±j®?T7 —3$3?!I3F£ fifjflf 

m &&&■ . Hick s ( 1941, iee k nm®,= u m a 

Stf. ”Sono(1943)*^T-SS^l : ^{S^^I^±* 0$^ASJ ), 
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Currie, Murphy 

ftl Schwitz( 1971);Chilian $1 Moore(1976); Ng( 1980, 4 ?); Ju si, Hueth ^[1 

Schmiiz(1982) ;Chipman(1982);(j T McKenzie(1983) ;LSoadway (3ruce( 1984) , 
R Takayama ( 1982, 1984 m 1987 ) l4] . & if ifc rl ig + , Muhring ( 1971 } #1 
SilberbegC 1972 ft 1990) ,iS 

,Hotelling! 1938)111 Sono( 1943)* ,&T&-A. lAllAM 
miftKW& $k £ M ^ ^ ikjM A D Chipman ft 

Moored976 A 1980) ^ J& M, Ml f] Saniuclson(1942)^m^W^,#X'Jffi 

ir . mnmim, iwJttis wssi ® £ zm , m a d^daa .smsira 

m . ft &■- # £ ftT, Ma rslial 1 H * & A a IS *4 '£ it fft ffi= fit K ffi - 
WilligC 1976 ft 1979)tHfH , Hicks K Aft* AMmf'l !5iDiD$l WMl ffi. ftii 
ft ft Marshall ft; A D f# ft. RcOft 1 iik^, Marshall ft fill ft Hicks Ml J % ~Z. ft A 
ft ft m& A (#£ ft A).iH:ft, Wiiiig M Sit Hicks iSJJ m >j 7k A ii M 

A A A - ft M%\:\ 1 — t tW M A ft. C. McKenzie (1983) ik * ^ ffr £ A AH «(& 

£ ft#! AH, 3TOE TOft# fflXl. 
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, -r H ) ft 0! ?? ^ ifc 


P-H^Pe^YmsZO ^^T,7^-A«ffi^ffl^^«(.r)iaA,K 

ft P, >0,11 i/ ? -(=3m/7x;) XXMnWiWiiivifM/R A&&&ft#t # 

\m ft-* \h «(EPxkfitt^At itim i ir,>o), smah-bo- m-iu 


u t (x) = AP,, i = 1,2, ■ ■•, m , JL P• .r = Y 


CD 


^e^Bapiieife.MaJdi,*aM*t,A>o.7E[>if u 

r a (p, yjfli n 


JCi ~ x,(P] ,P 2 t ”• .P„ , V) - r,(P, y),! = l ,2,-" , n 


pfo q° = (p°, Y°)jfp g'-CP 1 , y'D>£!J 

AMf A W,(f)W$ft, an 
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Marshall —M "J iH l^'nn 1 ftj ^ ifc ift Sc ?r j& ftl W & 

mmmmm a. Marshall 3i rxipuit Zfj&ih w(ra m % 
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&. Esl *|SI C.l(a) + ,^ 1 AAr^M- 
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AM'A'xmx.g u 

ilMUfllffrt&Eil OB ABB'A' , [Kl f£M 

OA = P? J1 OB = Pi, mm IX M ABB 'A' lh Marshall H %&&M, £ bT W;l1 

ft 
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Dupuit - Marshall |*F ?£, ji£ fnlfj; D - M #?£. 

fllW R tfet. Dupuit-Marshall faftA Al^ , & + fa 

##£M^«^5BiAi£H.IE|iiJ Hicks a^EM.(H)( 1981,1 is K)3|i#, 

1:0Mft4Htfa 

Ifffli. ” r9 ' M-A®,-^m A fa PSft,« Sr r«J m A i. S SfcJt, K 

gjt, ATOMftfai&fmMM-fi. 

« A&ft (tt ^u ,&m mm ), n # m n m -* & tu a. s ^ fa n 

Sillierberg( 1972)}$ =H Dupuit — Marshall fa Atfc A$1 ^ A" tt $\A ( P° ¥!] 

B i m^ 5 L%mvm'k 4 j Kfa?Mif*k&, [K,] 
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Ux ; (P, Y^JdP, 

f " 1 


^ P? - Pi, & 1 , T Rft* D - M 

WiLIig 1979, Suzumura 1985). Hfc^h 

5MJ& , ip tp mm&& (soUtc). ^frr w > 

i#s&f m#W - ( Mishan, 1977,1 M 
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a a, s fim ®-t w mwii «£ifi h # * 

t-Nfea. Ji (P, Y),; = l ,2, -, n 0 He He a (p , 

Y) Hicks- Slutsky 


3x,/3P f - Sy - jr, (7x;/9 Y) , i ,j - 1 ,2,-” , n (3) 

£* S () Mf Wl 5P|I!^ 3 $#Jf itifcWiPff, n X „ S^tS^]# 

Slntskyffi|^.j£jSta«C 


HCP,y)= M [xCP,y)] 




urns., mp, y)ji^?F?jcs».fi^'b' 

627 p,y),m# 


at/(p t y)/3p,= - AtP.yj^CP.yxo.^i^,-^ (4a) 

aH(p,y)/7y-A(P,y)>o,fi (4b) 

3U(r,Y)/dP, + x i dU(P,Y)/3Y = Oii = l,2, — ,n 

(Royfe^^) (4c) 

«(*)>« Kx>OBj,$ffl—^x& 

mp.x ^ (p, H)*ii:-iEia(tH***att)fi!niF,B.^ e (p. 

a )=p. J: *(p,H)(*«ia«»).*sjB4-s^[^]=[ f 7x;/3P J ] ( s*ji3tf 


y=(r[p,u(p,y)],i(p p y) = x*[p,i;(p,y)] 

J:[P,e(P,w)] = x* (P,«),_£! 

U[P,e(P,u)] = u 
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#.M ,(5a);tE- ® (5b) m p, mm (3)a, k+, s,( p , y )=^* [ p , 

deftP } = x; (P.a),Shephard M. 


§ C.3 itS Hicks fo/§ 


RMitife Hicks (tyW 1956,177 K) 

A Wiliigd 976,590 #) itt M, £■ tt—1" AS: % tfr $ 3& ;£M, ffi 

C7CP 0 ,V°)=I7(P 1 t Y 0 + C) (6) 

C = e[P 1 ,[7(f rf , Y 0 )]- Y 1 - 

L/(P : , Y°)= L/(P°, Y°-£) (7) 

^(5c)^A E= Y 4 -4P 0 ,a(P 1 ,V fl )].Rff]' i m CfP£ MM C.2 

P ; = 1 



S c.2 

i+M3|S.MBK&M^,WiLIig(l976)A*,£—3t&J®i3T,D- Mfe* 

H ffeU3j H«£“M”M^)>f£. Se8de( 1978)1 

Engel Gorman , Efclfc# 

M#J ! H «. Hausmant 1981 )jfc#7S#M&,#IH 
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Harberger(1971)[l<jtg^Jhjhh# 
Jt.Na«atani( 1984) M . Varna MTA ffit AiTTglT B Houthakker MAT 

M0 ri*, H «j£ AT^M-Miilfl^T, 

*f Jit Hicks( 1946,18 50 'H jt, “&Jfl MS® & ft TfS# mMM. # 7 Ji & 


MM-Hit,®# Occam J] ■]] m P!'J, W TfSffl & ® & A ffiM, m |5j Pareto 


Chipman 1976). AT Am 

Miff A P .Von Neumann PR Morgenstem (1953) M Jf T A M A 

S/- Georgeseu - Roegen( 1952)^.0 , Chipman( 1976,76 50 til tfc Rsll 10, “ff Tj 



7n»M£ll0^ntf7pfi7iJ - TSSfKffi-AJtlKt, 
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Ti-TTAA iiuhH bwmm 


a . a m mu #, mn m ra : ^ s va ® m * ms$ m.zrn c sc) # n 
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Ng( 1980,96 50# Boadway M 

SUE A Boadway #i£. 
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r — l 

& m , m m ur tttt & x vt® w use it *j « & c m a u * 

/K j: 



° LI ( E U4i , 1 + VydY) 

Q ,~i 



a Q 1 ms&&‘? fi^,®^litT^^^I^^[iP,Apostol( 1957),280-281 

X*0 292 X ], f ■ 

[3IHC.1 ] 

I = | f l (j:)dx l + •- + fj:r)dx a , f =- Bfftx, (9) 

» A 

631 iiH — li m d wxxxsa wb 
*rtf:H£,a/ f(B)-fU). 

mtm x (s >+, min t^p mm a u » - xij 


\{J-U(Q ] ) - U(Q°) 
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^.jtt^,AUJ^Q=(p, y)M^SF^^:,0iH: alt^wq 

1957,293 X),(8)^W^tt 

ftX toX p X y, 
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aPjap^dp.'V’j 
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J_3U = JLIU ■ - =1 
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3jL\ dXj 

3P^ + x jJy 
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s, } = s J( -,bp Slutsky 
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AU=U(Q’>- UtQ^-AU^JeW-ft^TOTCQ^WCQ 0 ),#!.^^ 

® p, m y 

as ?f i&a^in w^#f.c 4a) w (4b) ft a (8) ^, ^r w ^ t : 


A U 



(- <U r ) dP, + XdY 
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*JltnJi0.,AU^tS:^A,Kt,A=aU/3yS^*ftAfllSjRffl(MUI).S* X 

-hS6p mv A wtwwim 

£&±4«fcfc(1920,842 SOfftMMi® 

MUI A«- J ISKflilBM:. Marshall &j£W8! A 

'f i£ U W tft - 1161 flaji ,WJi , MUI w A 3£ff:A 1*1W M ». t:L7] 

M,@2fr UvJiP W^KK -l)»:?F)!fcffi3!S:[#JE. Samuelson(1942)]. [ie] in|ff| 
Samuelson( 1942) * M#, MUI W A £ ft ^ ^ M^ S If* ». —t* fS 

Pfmr, 


l7y(P,Y) = /( Y) 



fll-tS Samuelson( 1942) KM A ,ii—iSiSM Marshall (^H^T . 

0^(14)Bt^M^SISJi&^^ ! B F rW,^in9r!9l Chipman W Moore 

tt« a w &-# a (# * is & > ia w w n R n « w ffr t&, &8U£&, 


Uy(P, Y) = y*(Y) 
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/=7(Y°) = Lii#, 

^OTOfjT Dupuit- Marshall ^ 3 >R A&ft * $ 

ffij\(l 6)^(2'),}^ = f Silberberg(1972)£m 
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^ m a u mm, . 
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J I 3 r ~ l 


TtT 1 = (19)^f§J"(t7 Katzner(1970)—j Chipman 
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a^ie^m ,mm& m(i4) m . & 
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u( Xl ,x 2 ). (mm u{ar it x 2 ) = 
lo^,.r 2 ,jj|5^,$Hrm# A - 2/Y,&\$ (14)^^^. £ -Aft, tU % 
u(z l ,jr 2 ) = x ] jc 2 ,WMft A - Y/(2P,P 2 ),M(I4)ATO£.&WAS>}e 
pMSlng-r^fll Y/2P it 
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# SC, ft "JiMMffifcJS&TMfltl. 
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<p(x) — i,t 1 

a = I 

. m& *§&&<£& m ,nm 


-r, = a,Y/P, ,i = l ,2,*",w 

= P? P[,®&i* 

At./ = logy 1 /Y° - ffjlogPj/P? 
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A U = b(y ] - /) - b „ zl \h i (p)dp. 

J P t = I 


I* J. *» 


;> 


(23) 
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in insurance 307-312 

in credit rationing 313-315 

a-« a ra+imt* *t & 

in principal-agent problem 315 

*#«*( ® mmm 

Auxiliary variables ( see Multipliers in optimal 
control theory) 

Average cost 126,201,202,203,204,205 

Average cost curve 126, 143, 158, 187, 

194,195,196,200,201,202,203,204,205 

MM 

monotone decreasing 204 

496 k . .- 


ui 

U-shaped 143,158,194,196,201,202, 
203,204 

^mmm 

Average propensity to consume 504 

Averch-J ohnson 

Averch-Johnson effect 212,217,219,234 

FW£M 

Axiom of extension 5 
Axiom of specification 4 

B 

Balanced growth path 357,483 

Bang-bang IS® 

Bang-bang control 458 

Bang-coast |£®J 
Bang-coast control 458 

Bathtub problem 452 

Behavior toward risk generally 271-273 

risk averse 271-275,280, 282-283, 285, 
287,288,289,290,292,293,294,295 

risk lover 271,282,289 

risk neutral 271,282,289,306 

Bequest function 548 

i61»5&t!L 

Bequest motive 550,552,553 
Binary relation 

complete 258-259 




ordering 259 
partial quasi-ordering 

EM 



Mi 


259 


reflexive 


258 




total 259 

f mt® 

transitive 258,263 

Boadway 

Boadway paradox 630 

hwMiHA 

Bordered determinant 603 

Bordered Hessian condition 

129 


116, 118-120, 


64 


Bordered Hessian determinant 

Bordered Hessian matrix 64,98, 116,117, 
128,130,170,188,193,195 

Boundary curve 487-488 

Bounded 13 

Bounded above 
Bounded below 

Bounded state variable constraints 546 


13 


13 


Budget line 63,99 


Budget set 82 


c 


Calculus of variations 


(Capital risk 303,305 



Capital-labor substitution 219 
Caratheodory-Samuelson /IlS 
Caratheodory-Samuelson theorem 


130 


Cardinal utility 267,636,637,639,640,643 

Cartesian product 6,53 

Cauchy sequence 27 
Cauchy-Peano 

Cauehy-Peano theorem 299,453 

C^rehy-Schwaru 

Cauchy-Schwartz inequality 22-23 

Center 383,402 

Certainty equivalent under risk 273 

Certainty line under risk 292 
CES 

CES function 152,153,156 



451,452,468-472 


Chain rule 45 

ftUJrm 

Characteristic equation 386,393, 394 1 433, 

596,597 

Characteristic root(w Eigenvalue) 

ffi 

Characteristic value( see Eigenvalue) 

mmm 

Characteristic vector(.w Eigenvector) 

Characterization of optimum by first-order 
condition 85-103 

Characterization of optimum by saddle-point 
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condition 103-111 
Clat.sCw Set) 

Classical optimization theory generally 
111-120 

comparison to nonlinear programming 

117-120 



effective constraints in 

M 


113-114 



equality constraints in 111 

first-order condition in 112-115,117-119 

Lagrangian in 1 12,117 

local maximum condition in 111-115,117 

rank condition in 113-117,128,130 

second-order necessary condition in 114- 
115,117,128 

second-order sufficient condition in 114- 
117,120,128-130 

Closed interval 7 

nw&n 

Coase theorem generally 
Cobb-Douglas function 

153,154,214,624 


235-247,245 


31, 60, 62, 151, 



j-% 

Coefficient of risk aversion generally 273- 
278,316 

absolute risk aversion 274,276-277,281, 
301 


MIXU&KI; 

relative risk aversion 274,276-277 



146 


Cofactor 592,593,594 

&(£££> 

Collection (see Set) 

t mvtfy 

Comparative advantage 202 

Comparative dynamics 125 

Comparative statics 125-131 

Compensated change in income 

Compensated demand function 143 r 627 

Compensated price effect 210 

Compensating variations 621, 627, 630* 

638,642 

=A±. 

Competitive equilibrium 235, 345, 347, 

349,373,374 

. m&&. 

existence of 37 4 

price vector 346,349,371 

. 

uniqueness of 
Competitive industry 
Complements 

MS# 

of goods 146,372 

. feA2# 

of inputs 142,157 
Complete monopoly 196 


374 


200 
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Complex linear space ( see Linear space with 
complex field) 

Composite function theorem 45 
CAsiripound lottery 258-260 

Compound prospective# Compound lottery) 

pa* 

Concave function 52-60,53,87,92,93,94, 


95,96,212,215.266,496,515,516,545,558, 
606,61)7,608,609,610,611,613,616,617,618 

fflftia * 

strictly 53-56,58-60, 87, 96, 174,271, 
272,275, 277,282, 468, 508, 548, 558, 606, 
607,608,609,610,611,613 

Concavity condition 107 

A-E) (JaL Ajrow-Enthoven^f^) 

Condition(A-E) ( see Arrow-Enthoven condition) 
^{^ (A-H-UJCJil Arrow Hurwicz-Uzawa 
Condition ( A-H-U } ( see ArTow-Hurwicz- 

Uzawa condition) 

Condition ( BHC ) ( see Bordered Hessian ■ 
condition) 

Condition( Cone) ( Jeff Concavity condition) 

Conv ) ( JSL |2f J fcfe ) 

Condition(Conv) {see Convexity condition) 

*ttCPOC)(A-i^*tt) 

Condi t ion ( FOC) ( see First-order condition) 

^ttCLM)CMM^^ft) 

Condition(LM)( jeer Ijjcal maximum condition) 

lm) ( SLmmkfrfc&ft ) 

Condition(lm) ( see Local minimum condition) 
Condition(M)( see Global maximum condition) 


Condition(m ){see Global minimum condition) 

Condition ( R) (see Rank condition in classical 
optimization theory) 

Condition(RC) (see Regularity condition) 

lH4(S) (J& Slater IH40 

Condition(S) (see Slater's condition) 

SONC) (ja imitffrffc »'* M 

HIH^) 

Condition ( SONC) ( see Second-order necessary 
condition in classical optimization theory) 

■&fKS0SC)(.ML&'4 1 m “ m 

Condition(SOSC ) (see Second-order sufficiency 
condition on classical optimization theory) 

Condition)SP) ( see Saddle-point condition) 

Constant returns to scale 49,143,150,158, 

159-161,204,289,290,356,523 

Constraint qualifications 93 

Consumer’s budget constraint 542 

Consumer's choice 78, 82, 98-101, 143- 
147,171,176 

Consumer s demand function 172 
Consumer s intertemporal choice 212 

Consumer’s lifetime allocation process 541, 

547-553 

Consumer's lifetime utility 548 

Consumer’s surplus 198,221-222,567,621- 
647 


# ?/ 
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&32ES# 

Continuous function 29-31, 35-36, 76-77, 
83,266*329,412,607,612,614 

pi ccc wise 454,458 

— » 

uniformly 29 

upper-semi 607 
Control function 331 
Control region 454 
control variable 453,459 ,548,558 
Convex combination 52,83 

awm 

Convex function 52-60,54,94,523 

strictly 54-55,57, 59-60,271,275,281, 
282 

Convexity condition 106-107 

Coordinate 7 

Coordinate system 586 

h* 

ViMffl 

Corner solution 89,99,101,012 

Cosine law in trigonometry 21 

Cost function 112,135,140,176,178,188 , 
197 

concavity of 140,164 

homogeneity of degree one 140,154 

560 


Cost minimization 78, 101-103, 125-126, 
134-135, 140-143, 151, 157, 164, 173, 
176,178,189,190,197,217,584-585,601 

j« « 4 * m ot m h nm 


I^agrangian muliiplier in 135,164 



Costate variables ( see Multipliers in optimal 
control theory) 


Cramer 's rule 594 

mmmMM 

CRSfxsf? (Constant returns to scale) 


Curve 631,632 

Mm 

closed 402,631 

pi eeew ise smoot h 631 

simple 63 i 

?tm\m 

smooth 631 

D 

D-M^?flKJli Dupuit-Marshall #f£) 

I3-M measure(w Dupuit-Marshall measure) 
Daeyang 

Dae.yang Prize 201 

Decentralized monetary economy 498 

Decreasing absolute risk aversion (hypothesis A) 

275,277,295,301,310 

Decreasing returns to scale 150, 158, 159- 
161,202,204 

Demand function 623, 625,627,634, 636, 
637,638 




compensated 627 


homothetic 

625,634 



Derivative 

40-44,42 



first-order 

49,51 

k 


h* order 

49 



left-hand 

41 



partial 43 



right-hand 

41 



second-order 

49,51 



second^order partial 



Determinant 

340,341 

596,597,599,603 



order of 

591 


50 


elements of 591 


Differentiable function 40-44,42,57,607 

continuously 44,46,48,85,89,132,176, 
189,329,330,333,408,414,458,493,543, 
609,611,626,631 

* jfcnT«ttBS*C 

k times 50 

nss# 

three-times continuously 278 
twice 50 


twice continuously 50, 59, 65, 95, 135, 
153,191,273,277,477,616,623,626,631, 
632 


Differential equation(s) generally 325-418 



n 




SJ\ 


409 


almost-linear system 

(asymptotically) globally stable 335-336, 

338-339,341-342, 348, 351, 354, 357, 370, 
372, 395, 399, 405-406,412-413, 420, 422, 
433,446 

(tfififjs 

( asymptotically) locally stable 335-336, 

339,341,344,347-349,410,414 

»#■#£(&) ft 

autonomous system of 328, 411, 462, 

466-467 

domain of the solution 362 

equilibrium 334-342,347, 349,351,353- 

355,371,395-414 

existence of solution 325,329-331 
first-order 328 

myxmmmmM 

general solution of 332, 385, 388, 390, 
392,394-395,402-404 

homogeneous system of 331, 3 36, 338, 
383 

initial condition 326,327,329,332,347, 
383,388,395,414 



tt 


initial-value problem 327 

Wftnmi M) ft 

instability of equilibrium in 335 


■# 3 ! 
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isolated equilibrium 334, 336, 337,341, 
347,371,408 

Liapunov iWft 

Liapunov stable 335 
linear 331 

linear system 331, 336-337, 338, 342, 
343 , 344 , 405 ,406,409,410414 

mm-m 

linearly independent solutions 384, 392, 
393 

nonautonomous system of 411,462,464- 

466 

nonexistence of solution 330,335 

-it 

nonhomogeneous system of 337 

nonlinear 331,332 

nonlinear system 331, 338, 341, 342, 
344,351,375,407-414 

nonuniqueness of solution 330,336 

ordinary 328 

partial 328 

particular solution of 332,385,388 
periodic motion 402 
second-order 328 

solution of 325-327, 329-334,384,385, 
386,387,388,390,391,393,394,395,396 

502 ^&m& 


speed of adjustment 347 

stability condition 410-411 

trivial solution of 384,386 

uncoupled system of 394 

uniqueness of solution 329, 331-332, 
337,339,357 

Differentiation 

of inner product 52 

mmwh 

of integrals 198,200,287 

of quadratic forms 52 

Discontinuous function 29-30 

Dirichlet St 

Dirichlet’s 30 

of the first kind 30,454 

Disposable income 426-427,437 

Distance function 138 

Dot product ( see Euclidean inner product) 

Downward rigidity of money wage rate 366 

DRSf see Decreasing returns to scale) 

Duality 137-139 

Duality relations 137 




Duality theorem 137 

Dumping 561-562,567 

Dupuit-Marshall 

Dupult-Marshall measure 622, 625, 628, 
635,640,642,643 

Dynamic behavior of the solution on the plane 
generally 395-407 

complex roots (not pure imaginary) 398- 

402.410 

complex roots (pure imaginary) 402-403, 
405,410,411 

equal roots 403-405,410,411 

real mots of opposite signs 397-398,406, 
410 

n ^ 4 s ^ ns 

unequal real roots of same sign 395-397, 

406.410 

E 

Economics of information 305-316 

Economics of uncertainty 257-321 

continuity axiom 259,263,267 

independence axiom 261-262 , 263 , 268- 
270 

linearity property 265 
monotonicity property 262,263,264 


order-preserving property 265-266 
Education as signal 306 
Effective rate of interest 304 
Eigen equation( see Characteristic equation) 

Eigenvalue 343, 386-387, 395, 399, 400, 
405-406,407,433,595-600 

multiplieity of 596,599 

mm 

simple root 596 

Eigenvector 387,595-600 

Elasticity of demand 193, 231,232, 559, 
560,561,565,566 

constant 560,566 

ffU< 



decreasing 561 

increasing 561 

Elasticity of factor substitution 151-157, 
178,181 


Elasticity of marginal utility of 
consumption 508,509 

Engel curve 628 ( see also Vertical Engle 

curve) 

Envelope theorem 131-137, 132, 164,188, 
626 

maximum value function in 132 


# & 
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Equivalent variations 
Euclidean distance 19 
Euclidean inner [product 
Euclidian norm 20 
Euclidian space 13-24 
Euler equation 

for homogenous functions 

585 

in calculus of variations 


621,628,641,642 


18,577,578,608 


49,289,371, 


469-470, 472, 


635 

Euler-Lagrange theorem 112-113 

Euler's formula connecting the exponential and 
trigonometric functions 389,391 

Eulers theorem for homogeneous functions 
48 

mfon 

Evaluating vector 108 
Exhaustion of product problem 49 
Expansion effect( see Scale effect) 

r&i&s 

Expansion path 133,161,162,163,177 



Expected rate of return on capital 521 

Expected utility 270,271,280,282,283, 
286,289,291,299,308,309,315 



270 


265 


264 


195 


Expected utility properly 
Expected utility theorem 
Expenditure elasticity of a factor 
Expenditure function 143-144.627 
concavity of 144 
homogeneity of degree one 144 

Expenditure minimization problem 143 


Exponential function 
External diseconomies 


389 


235 


235 


External economies 

Externalities 235,237-242 

Factor demand function 103,153,192 


F 


- *r. 


Factors of Production 

E-K_£^tt 


E-K complementarity 

E-L 

E- L subsli tutabi lity 156 

&¥m- 

Fair gamble 285 




F air-rate-of-return constraint 


£ 


156 



212 



Expected utility hypothesis generally 257- Fair-rate-of-return regulation 218,234 
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&UH!Jt£) 

Family (see Set) 

First-order condition (for optimum) 85-103, 

88 , 91-100, 101-102, 104, 106-108, 112-119, 
130,174, 196, 198, 213, 215, 224, 230, 238- 
241,283,287, 289, 291, 292, 298, 303, 309, 
311,312,616,617,618,619,623 
Fisher 

Fisher's law 297-299 

Fisher ^Kll 

uncertainty version of 299 
Fixed coefficient technology 234 
Fixed costs 205 


Fixity of capital 521,522,533 
Flexible functional forms 152 

MSSHJSLgEfeJg®) 

Forcing function) see Control function) 
Free competition 240 


image of 10,12 

m 

injection) see one-to-one) 

BLv&Wi 

inverse 11,48 
inverse image of 12,35 
monotone increasing 275,548 
multivalued 11 
nowhere coniinuous 30 
nowhere differentiahlc 42 

of class C* + 1 50 

-tf- 

one-to-one 11,590 

— 

one-to-one correspondence 11 

9fc± 

onto 10 


Full capacity 225-228 

Full employment 351,356,362,370,424 

mm 

Function 10-12 

— Mm 

bijection( see one-to-one correspndence) 

rfrM 

composite 12 


range of 10 

MM 

real-valued 10 

set-valued 11 

MM 

single-valued 11 

solvability of 47 


constant 11 

domain of 10 

MM 

graph of 11 


value of 10 

fHS J! ifc 4 1 M $ $ if ® (a Hicks-Slutsky ir 

Fundamental equation in value theory) see Hicks- 
Slutsky equation) 
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Fundamental equation of comparative statics 
128 

Fundamental matrix 385 
Fundamenial theorem of algebra 596 

G 

gnn 

g-constraint 489,541,546 

JLfnJ^Jn 

Geometric lag 360 

isi 

Gct-rich-quick effect 270 

Giffen good 146,626 

Giffen input 190,192 

Giffen paradox 146,188 

s 

Global maximum 86-88, 119, 174, 286, 

292,297,298,299,303,607,617 

unique 116,286,292, 297,298,299, 303, 
607,617 

Global maximum condition 86-89, 91-93, 
97-98,104-108,616,617,618,619 

Global minimum 86 

Global minimum condition 86 
Golden-rule path 444,482,483,487,502 

modified 482,487,502 

H0f (JS. % M KI8® ) 


Golden-age path(w Balanced growth path) 

Goldman- Tucker A Jffi 

Goldman-Tucker theorem 110 

Goods market equilibrium 445 

Greatest lower bound( see InJimum) 

Green MM 

Green’s theorem 632 

Gross substitutability 349-350, 370, 371, 
372,373,374 

global 349,372 

local 349 

H 

H measure( see Hicksian measure) 

1 familton iSj 

Hamiltonian 455,457,460, 469, 495,497, 

500,507, 516, 523, 528, 544, 546, 548, 550, 
554,558,562,564 
UH{i[ Hamilton 

current value 495 , 497 , 500 , 507 , 516, 
523,528,550 

J'"X Hamilton EfISfe 
generalized 544,554 
Hamilton A IS30. 

Hamiltonian system 454-455 , 463 , 464, 
465,467,472,478,495 

Hayashi AAiTfilS 

Hayashis homogeneity assumption 482, 

530.531 

Hayashi MM. 

Hayashi’s theorem in investment theory 

530.532 


506 




Hessian matrix 51,58, 96, 117, 128, 135, 
154,165,168,174,224,631 

negative definite 174,224 
negative semidef inite 164,168 


symmetry of 135,154,631 
Hestenes a^JI 
Hestcnes’s theorem 543 
Hicks-SLutsky Tfr 

Hicks-Slutsky equation 131, 144-145, J75, 

206,209,212,348,372,626 

Hicks-Slutsky 

Hicks-Slutsky matrix (tee Substitution matrix in 
consumption) 


Hicks mm c j*li m m ) 


Hicksian demand function ( see Compensated 
demand function) 

WJMK Hicks#* 

Hicksian measure of welfare change 622, 
625-626,627-630,640-643 

Bck s 

computation of 627-630 

Hicks#*) 

H measure ( see Hicksian measure of welfare 
change) 


Hidden action 311 


Homogeneous linear system on the plane 
generally 385-394 

tfl jff ID® distinct complex roots 

389-392 

distinct real roots 388-389 
equal real roots 392-394 

Homogeneous function 49, 144, 150, 210, 
214,289, 371,425,476,499,523, 528,532, 
585,623,631,634,635,639 


of degree m 49,633 

- 1 

of degree-1 633,635,638 

of degree one 144, 150,214, 425, 476, 
499,523,528,532 

of degree zero 584,623,626,631,633 
Homothetic demand 634,635-638,641 

mmm 

Homothetic function 147-151, 155, 161, 
177,625,634,636,638 

MdS# 

Hcoiothctic preferences 154,637 

Hotelling 313 

Hotelling’s lemma 136,137 
Hotelling iff 

Hotelling’s symmetry relation 136,37 

jfiW 

Hyperplanc 612 


I 

Implicit function theorem 46-47,99,127 
Improper node( see Node) 

Income effect 145,642,643 

Income elasticity of consumption 512 

Income risk 298-300,303,305 

Income^ leisure choice 206-212 

budget condition in 206 

B) 



Increasing relative risk aversion (hypothesis B) 

277,295 


Increasing returns to sclae 150, 157, 158, 
159-162,202,204 

local measure of 162-163 

Indifference curve 56, 62-63, 64, 81, 82, 


98,99 

under risk 280-281,284 




Indifference surface! .see Indifference curve) 

femora 

Indirect utility function 133,172,176 



addilog form of 172 
# » nn 

Inferior good 146,209 

Inferior input 146,190-191,193,196 

"Rl# 

lnfinlum 13 

Inflection point 92 

Inner product! see Euclidean inner product) 

Inner product space 18 

Insurance 281-290,292,307-313 

Insurance coverage 282, 283, 284, 285, 

307.308.310.311.312 

full coverage 285,308,312 

Insurance premium 282, 284, 285, 309, 

310.311.312 

50S ^ 


I ritegrability 



economic 


632 


mathematlca 632 

necessary and sufficient condition for 
mathematlca integrability 632 

sufficient condition for economic 

integrability 632 

Integral constraints 542,553 

SlEiftll®# 

Intertemporal arbitrage condition 519-520, 


549 

Intertemporal budget condition 509 


Intertemporal decision-making process of a 

firm 533 

Inverse demand function 213,565 

Inverse function theorem 48 

&& 

Investment generally 514-535 

adjustment cost approach 522-525 
irreversibility of 487,517,527 

neoclassical theory 515-522 

passive 425,440 

JRS( see Increasing returns to scale) 

Irving Fisher §3 

Irving Fisher diagram 511 




4 


IS 

rS curve 350,420,422 
IS—LM 

LS—LM 350 

IS—LM 

LS—LM macroequilibrium 350,365 
Isoelastic utility function 510 
Isoperimetric problem 541,553-556 


J 

n n tt&m 

Jacobi's theorem 170 

Jacobian determinant condition 341 

Jacobian matrix 45, 47-48, 95, 112, 132, 
170,341,351,352,430,442 

nonsingularity of 42-43,48 
Jensen 

Jensen’s inequality 272 
Joint profit maximization 239 

K 

Keynes-Ramsey SfcJlllJ 

Keynes-Ramsey rule 481,501,503 

Kenynes 

Keynesian 422,423 

Knife-edge case 336,348,422 

Knigbi^Sft^tt 

Knightian uncertainy 521 
Kuhn-Tucker-Lagrange condition 106 


L 

L'Hospital feM 
L'HopitaTs rule 641 

I^abor supply curve generally 206-212 

backward-bending 207-208,210-211 

to 

upward-sloping 207,210-211 

Lagrangian 84,88, 90,91 ,92,96,98,101, 
104, 109, 112, 117, 127, 130-131, 133, 136, 
224,230,238,297,452,456,616 

Wait 

Lagrangian multiplier 88, 109, 132, 134, 
164,167,188,212,224,623,626 


interpretation of 134 

Landau KI o 4^-6* 

Landau’s o-symbol 43,409 

n&imm f 


Laplace expansion 592,594,595 

Laplace rule of expansion of cofactors ( see 
Laplace expansion) 

I^aw of demand 146 

LAscjaattififttssfc) 

LASisee Linear approximation system) 

Le Ohatelier-Samuelson 

I^e Chatelier-Samuefson principle 163471 

#/h±IKJSL±fl|Sf) 

Least upper bound (see Supremum) 


Lemon ^pl[| 

Lemon principle 306,313,314 
LeS J^S(JSL Le chateiier-Saniuelson JfK#t) 

LeS principle ( see I^e Chatelier-Samuefson 
principle) 


* Si 
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Level set (.see Indifference curve) 

Liapunov E^^Sc 

Li apunov function 412-413 
Liapunov 

Liapunov 1 s direct method 411-414 

Liapunov jStiSI 

Liapunov 7 s theorem 338,414 

Liapunov ( J^L Liapunov ) 

Liapunov's second method( see Liapunov’s direct 
method) 

Life-cycle hypothesis 504,506 
Lifetime budget condition 551 
Lifetime income 551 

mmmm 

Limit of a function 28 

aftWisara 

left-hand 29 
right-hand 29 

Line integral 625,630, 631,633 

Linear affine ( see Linear affine transformation) 
Linear affine transformation 266-267,586 

tmm. 

Linear algebra 573-604 

Linear approximation stable 339 

Linear approximation system 338, 370, 

411,420-421,433,442,446 

Linear differential equation on the 

plane 383-418,419 

m m c &m m 

519 1 ■'' & m & 


Linear homogeneous function ( ,w Homogeneous 
functon of degree one) 

Linear programming 79,83,108- 111 

zmzm 

duality theorem 110 

dual problem in 110 

Linear space 14-18,15,582,585 
associative law in 14 

basis for 16-17,582 







commutative law in 14 
dimension of 17,583,584 
distributive laws in 14 

finite dimensional 17 



infinite dimensional 


17 



origin of 15 



24 


16 


orthogonal basis for 
with complex field 
Linear subspace 582-583 
trivial 582 

Linear transformation 585-590,636 

m 

addition of 588 

equality of 589 





invertible 589,590 
product of 588-589 

scalar multiplication of 

£SS4fc 

Linearization 409-410 

Liquidity trap 420,422 

Livingston 

Livingston data 361 
LM curve 350,420,422 


588 



i=t 


Loanable funds 313,354 
Loanable funds theory 352,354 

MWItt 

Local homotheticity 637 

l-ocal maximum 86-88,111,117,118,119, 
607 



lx>cal maximum condition 86-89,91-95,97, 

106-108,111-115,116,128 

a 

Local minimum 86 
Local minimum condition 86 



rr 


»jp 

Local nonsatiation 


98 



l-ogical statement 8-10 
conclusion 8 

3*5 

contrapositive 9 
contrapositive argument 


converse 

hypothesis 


8 





logical quantifier 10 

(JE*l)^0hfrH 

(locally)equivalent statements 

yES un¬ 

necessary and sufficient condition 

necessary condition 9 


negation 10 
quantifier 10 



8 


seven kinds of 


suffi ci em condi t ion 9 

vacuously ture statement 

Logical connections among 
concavity 611 

Long-run desired stock of capital 525 

Long-run marginal cost 164 



/ 



Long-run price elasticity of variable 

demands 167 

Long-run rate of unemployment 361 

Long-run supply elasticity 167 

Long-run total cost 165 

la C. Monger) 

Loss prindpal(a la C. Monger) 134 

Tlf 

I^ower bound 13 


*r 3t 
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M 

Macro adjustment processes 350-355, 49- 
423 

Macro rational expectation hypothesis 363, 
364 

mmm 

Macroequilibrium 

Keynesian system 350-351 

neoclassical system 351-355 

Mangasarian 

Mangasarian’s theorem 618-619 

Mapping(w Function) 

Marginal adjustment cost of investment 534 

Marginal cost 126,135,142,157,169,187, 
188,193, 196, 198, 199, 200, 201, 202, 203, 
204,205,229,231,559,564,565,568 

Marginal cost curve 126, 187, 188, 192, 

194,195,199,200,201,202,203,204 

Marginal cost pricing 196-201,1 ‘99,229, 

287,563,564,567 

Marginal efficiency of capital 517, 525, 

533,535 

Marginal product 58 
Marginal productivity rules 518 
Marginal propensity to consume 504 

si? - - 


Marginal propensity to save 305 

Marginal rate of substitution 177,207-208, 
283 

a Ri at m 

Marginal rate of time preference 297,299, 
304 

under capital risk 304 

ife A Mftl it 1^ St ffl W 

under income risk 300 

Marginal revenue 196,231,559,560,565 

Marginal revenue product 214,218 

Marginal revenue product curve 218 

Marginal utility of consumption 58, 99, 
481,549 

negative 99 

Marginal utility of income 133,621,622, 
628,633-643 

constancy of 621,622,633-637,640-643 

(M AiiZ^ffl) 

Marginal utility of money ( see Marginal utility 
of income) 

rim» 

Market failure 236,240 

ftmim 

Market solution 204 

Marshallian adjustment 366 

Marshallian demand function 99 
M ^it M m (ML Dupuit-Marshall # 





m 

Marshallian measure of welfare change ( see 
Dupuit-Marshall measure) 

Marshallian stability 345,366 

Marshallian trapezoid 635,640 

Marshallian triangle 621,623-626,641 

Matrix( ces) 45,573-603 

addition of 573 ? 574 

adjoint of 593 

as linear transformations 585-590,586 
associative law 574,576 

mmm 

column rank of 581 

commutative law 574 
commuting 576 

diagonal 576,582,598 

diagonalization of 598 
distributive law 574,576 

equality of 573 

full rank of 581 

ftimw 

identity 576,580,589,597 

&&& 

inverse 579,580,581,582,590 


linearly dependent columns in 580 

linearly dependent rows in 580 

minor of 592 

multiplication of 575-576,595 

nonsingular 84,129,340,384,385,395, 

407,414,579,580,581,582,584,585,590, 
593,595,598,599,600,601,603 

null space of 583,585 

IE3c3EI*h 

orthogonal 599 

*l3tM 

permutable 576 

post multiplier in 576 
premultiplier in 576 
rank of 581-584,585 

rank theorem of 581 

w.nmm 

row rank of 581 

rule of the inversion of 593 

scalar multiplication of 574 

singular 387,580,585,601 

spectral decomposition 600 

hn 

square 573, 574, 576, 579, 581, 582, 
583,590,591,595,599 

summation off see addition of) 
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symmetric 130,135,146,154,342,576, 
597,599,600,601,603,627,631,632 

mpfwa: 

trace of 340,341,597 

transpose of 576, 577, 578, 579, 581 , 
593,598,603 



unit 576 

zero 574,582,589 

Matrix algebra( see Linear algebra) 

SckjtM 

Maximum clement 13 

51 Pontryaginfi^JgS) 

Maximum principle ( see Pontryagin’s maximum 
principle) 

mc(MIM#) 

MC '(see Marginal cost) 

MC-curve( see Marginal cost curve) 

Mean-value aproach 290 

Measure for returns-to-scale 150 

Measuring stick for cardinality 636, 637 , 
640 


Metric 19 


Metric space 19 

triangular inequality in 19 
symmetry in 19 

irtfr 

Mill price 563,564,568 


-xr# 

Mill pricing 563,568 

Minimum cost function( see Cost function) 

SffiEWfolS 

Minimum distance problem 471-472 
Minimum element 13 

Minimum expenditure function ( see Expenditure 
function) 

Minimum wage legislation 219 
Monetarism mark I 364 

Monetarism mark H 364 

Monetarists 422 

Monetary equilibrium 368, 424, 426, 434, 
440,445,446 

Monetary policy 

deflationary 438 



inflationary 438 

M 

Money 350,365,366, 368,419,423, 425, 

426,428,429,430,438,498,499,503 

neutrality of 429 

supemeutrality of 430 

Money and growth model 423-447 . 

Drabicki-Tak&yama itT^I 
Drabicki-Takayama's extension of 436- 
447 
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Tobin ^flis 

Tobin’s 423-436 

Monopolistic competitive firm 557 

* 

Monoply 196,565 

Monopsony 223 

Moral hazard 307,311,313 

tntt 

Mormons 100 

MUl(MISttAtffl) 

MUI( see Marginal utility of income) 

Multipliers in optimal control theroy 456, 
478, 479, 493, 494, 495, 497, 499, 500, 507, 
523,533,544,545,551,554,558,562,564 

Myopic perfect foresight 

424,436,439 


Negative definite 37-40,59,129,174,224, 

342.600.601.602 

Negative semidefinite 37-40, 58-59, 129, 

130.164.168.600.601.602 


Neighborhood of a point 34,86 

Neoclassical growth model 356-358, 419- 
448,475,476,496,498 
iff th 

Neoclassical technology 234 

Net substitution 145 

Net substitution matrixC^a Substitution matrix) 

( m > 


New classical macroeconomics^ .sec Macro rational 
expectation hypothesis) 

Newtonian mechanics 455 



Necessary and sufficient condition for optimal 

control 468, 470,479, 497, 500,507-508, 

516,523,528,545,548 

Necessary and sufficient condition in nonlinear 

programming 89, 92-93, 95, 97, 98, 102, 
109 


Neeessary condition in nonlinear programming 
(see First-order condition) 

Vt&M 


Necessary condition for optimal 

control 454,457,465,467, 468, 469, 470, 
478,493,495,507,516,528,545,548,555,558 

fife 


NM utility function 264, 266, 267, 271, 
274,275,277,286 

NM&fBSMW 

examples of 278-281 
Node 375,383,396,404,407,422,433 

Nominal rate of return on physical 
assets 424,436 

Nonhuman workers 212 

Nonlinear programming generally 75-120, 
78 

choice variable (see decision variable) 
constraint function 77,83,96 
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constraint set 75,77,80-81,86-87,93 

2 fe*M 

decision variable 75,80 * 119 
effective constraints 82 



equality constraint 84-85 
feasible set{ see constraint set) 
inconsistent constraints 80 
ineffective constraints 82 
inequality constraint 85 
interior solution 99,102,113,208 
maximand function 75,89,96 



J=J 


85 


mixed constraints 
nonnegative constraint 77,84,119 
objective function! see maximand function) 
optimum point (see solution) 

fc&Vr 

rank condition 94-95 

m 

solution 75-76,8 L-84 

tft-# 

unique solution 75,84,87 
Nonlinearities On the budget condition 

-f m c ) 

Non-market interdependence of 
economic agents (see Externalities) 


212 


Nonmonetary centralized economy 498 
Nonnegative orthant 80,104 
Nonsat iation 208,298 
Nonstorable good 219 

$ Ml+* ^ &f*r oft #3 \°l a 

Nonvanishing gradients in quasi-concave 
prog ramming 611-615 

ie nr# ft 

Normal good 209 

ih«Afg& 

Normal income hypothesis 505 

IETOA 

Normal input 190-191,196 

Normalized price 639 
Normed linear space 20 
triangular inequality in 20 

ssm [r] m g m £ m ) 

Normed vector space( see Normed linear space) 
N umer airc 346,634,639 


o 


Occam fill $f|| Jl 
Occam’s razor 629 

Olech M 
Olech’s theorem 

422 

7F# 

Open hall 34 
radius of 34 
Open interval 7 


341-342, 354, 355, 370, 
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Opera tor (see Function) 

Opportunity cost 134,224 

Opportunity cost of accumulation 480,481, Jpjfl 

549 

Opportunity line under risk 284,292 

Optimal control theory generally 451-569 

J*FW#fc£fe 

existence of solution 453 

infinite horizon generally 493-540 

0 

not vanishing simultaneously 454, 463, 

464,465,469 


twosector 


484 


optimal control 
optimal pair 456 


456 



rank condition in 543,547 

solution pairfsee optimal pair) 

uniqueness of solution 453 

Optimal growth path 487,503 

Optimal growth problem 475-489, 
498,542 

attainable path 476 
feasible condition for 476,487 
path of pure accumulation 478 


496- 



Optimai monetary policy 498-504 
Optimal pricing policy 233-234 


Outcomes!in a prospect) 258,259,264,268 

Output elasticity of the demand for a 
factor 193,195 

Over-insurance 310 


Overlapping generation model 
Own-price effect 602 


506 


p 


Pareto optimum 235, 239-242, 244-245, 
247 

Partitioned matrices 594-595 

PassusS#(ja*tt«#tt) 

Passus coefficient see Scale elasticity) 

mioiugim 

Path(see Trajectory) 


Path independence 623-626,625,631,632, 

633 


oJ|h; 

Peak-load problem 219-235 

mmmmu 

firm-peak case 227-229,233 

profit-maximizing monopoly 230-234 


^i^F 


shifting-peak case 226,228-229,232 
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7t 


wrdfarc-maximizing monopoly 221-229 
Perfect capital market 515,520 

«) 

Perfect myopic foresight ( see Myopic perfect 
foresight) 

Perfect stability 348 

WX&A 

Permanent income 509,512*514 

Permanent income hypothesis 504-514 
Permutation 590-591 

mm 

inversion in 591 

mm 

Phase diagram 336,357,361,486 

mm&A 

Phase diagram technique 370, 375, 419, 
430,482 

Wffi 

Phase plane 395 

mmmmm 

Phillips curve 358-365,367 



expectation augmented 360-365 
Pigouvian solution 236 
Pigouvian tax-cum-suhsidy scheme 237,240 

itaias? 

Planned investment 437 

it nm 

Planned savings 437 

inmm 

Planning model 78 

Poincare 

Poincares theorem 375-376,410,419,422 



Polar coordinates 401 
Pontryagin j*LJ8:{fc 
Pontryagin multipliers( see Multipliers in optimal 
control theory) 

Pontryagin SAfljfiflS 

Pontryagin's maximum principle 451-461, 
456,471 

Pontryagin 553 
Pontryagin's theorem 467 

Portfolio choice 290-296,439 



cr 


Portfolio shi ft 


354 



R 


Portfolio switching 429 

IE£ 

Positive definite 37-40,59,412,600,601 

semidefinite 37-40,59,600,601 

lEJEfift 

Positive definite function 412 

Pratt ga 

Pratt's theorem 274 

Preference oxderi ng 258-259 

mTWRKTfr# 

Preventive activity under risk 307-312 
Price discrimination 560,561 1 562,566 
Principal 315 
Principal-agent prohlem 315 
Private profit maximization 240 


Probability density function 
Production externality 237 


286 
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Production function 57-58,213 

concavity of 58 
Production isoquant 56 

mmmMt 

Profit maximization 135-137,188,190,217 

0 att 

Lagrangian in 136 

Profit maximization condition 241,243 3 565 

Profit maximizing firm 562,567 

fissfiis] 

Propensity to save 512 

jE#^ 

Proper node 396,405 
Proportionality hypothesis 505 

mm 

Prospect 258,259,272 

Pseudo concave function 607, 609, 610, 

611,612,613,615,617,618,619 

locally 614,615,619 

locally strictly 615,619 

strictly 608,609,610,611,613,614, 
617,618 

Pure exchange economy 348 

Q 

-ft® 

Quadratic form 36-40,37,180,600,602 


Quantity theory of money 352 

KIIHeMS 

Quasi-concave function 60-65, 60, 80-81, 
87-88,95,102, 118, 119, 544, 605, 606,607, 
608,611,612,613,614,615,616,617,618,619 

explicitly 61-64,606,607,608,610,611, 
613,617 

strictly 60-65,93,96-98,118, 119,606, 
607,610,611,613,614,615,617,618,623 

JSUHM 

Quasi-concave programming 95-98,615-619 
Quasi-convex function 60,81 

MitSli")®#! 

explicitly 60 

nsstaaft 

strictly 60 

Quasi- fixed factor 150,164,167,170 

mm 

Quasi-ordering 
complete 259 

. m^mm 

partial 259 

%^mm 

total 259 

Quasi-saddle-point condition 106 

R 

Ramsey-Cass- Koopmans fi; 51 ( JSL Keynes- 

Ramsey M ) 

Ramsey-Cass-Koopmans rule ( see Keynes- 
Ramsey rule) 

rrlEJ^ 

Rate of depreciation 476,515,519,525 


* §i 


► 519 




Rate of inflation 358, 359, 361,364, 370, 
433-434,436,439,440 

actual 359,433 

expected 358,359,433,434 

Rate of interest 296, 297, 299, 304,305, 
352,365,419,439,440,506,547 

nominal 366,439,440,506 

real 296,297,299,304,305,506,548 

stability of real rate 513 

Rate of time preferences 508 

Rate of unemployment 358,360,361,362, 

363,364 

long-run 361 

natural 361-362,363,365 

m&mm 

Rational expectations 363, 364, 424, 432, 
436,499 

Rational number 8 

Rationing 170-171 

Real rate of return on money 425,429 

Regional allocation of investment 458-461 

iIft3^(JSL5^&A) 

Regressive factor (see Inferior input) 

jffftaifc 

Regret theory 268 
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sEMikft 

Regularity condition 138-139,147 

Regulatory constraints 212-219 

behavior of the firm under 212-219 

Relative risk premium 111 

Relevant variable 95,616,619 

Returns to scale, its concept 150,157-163 

Revealed preference 

strong axiom of 632,633 

weak axiom of 632 

Risk aversion function 296 

Risk- bearing fee 289,304 

Risk complementarity 302 

Risk premium 272,273,281 

Risky asset 291-295 

Risky security 296 

Root( see Eigenvalue) 

Routh-Hurwitz &{$ 

Routh-Hurwitz condition 343-345,368 
Routh-Hurwitz Ml HI 

Routb-Hurwitz theorem 343,365-370 
Routh-Hunwitz 
aplication of 365-370 

Roy 

Roys identity 134, 137, 172, 176, 627, 


* mm- 




634,635,638 


Scale effect 189-190,192 


s 

Saddle point in nonlinear programming 

103-111 

saddle-point characterization 83,137 

saddle-point condition 85,104-108,105 

Saddle point in differential equations 383, 
398,405,407,422,430,432,443,482,485 

Safe asset 291,293 

Samuelson 7Lf5.^c^ 


Samuelson’s reciprocity relation 
Samuelson 

Samuelson’s regularity condition 

169,189,585,601 

Saving-investment equilibrium 


135 


141,166, 


440 


Sevings decisions 

under no risk 296-299 

5^ITF«lte#ife3£ 

under capital risk 302-304,305 

under income risk 299-302,304-305 

Scalar 14 


Scale coefficient 
Scale diseconomies 
Scale economies 


159 


204 


204-205 


Scale elasticity 159 

Scale factor (see Scale coefficient) 

Second-order condition ( for optimum) 

99,287,309 

Second-order differentiable 
approximation 153 
Seemingly unrelated regression 181 
Self-fulfilling expectations 363,424 
Self-selection 306 



Sensitivity analysis 125-181 

Separable cost function 147,155,176 
Separation property 296 
Separation theorem 290 

i¥m 

Sequence 25-29,36 



bounded 26 
Cauchy 27 
convergent 25-28 

convergent subsequence 
limit inferior of 27 


36 



limit of 25,28,36 




limit point of 26,28 
limit superior of 27 



of real numbers 
subsequence of 
terms of 25 

mmm. 

values of 25 


26 


26,36 



Series 27-28 
absolutely convergent 

m 

infinite 28 


28 



partial sum of 28 



Set 4-8 
boundary of 34 
boundary point of 


n 

bounded 35-36 

m 

closed 32-33,36 


34 


■ 

compact 35,76,83 
complement of 6 


connected 

ft 


454 


convex 52-53,54,55, 56-58, 80-81,87, 
95,605,607,611,618,619,631 


coordinate 7 

derived 34 

difference between 
disjoint 5 

element of 4 


empty 5 
equality of 
finite 


£ 


index 
inf ini to 


& 


- tr 



interior of 
interior point of 


34 


34 


£ 


£69 3c 

Intersection of 5 

P 

linear sum of 53 

noiiintersecting( i©e disjoint) 
of all ordered tuples of reai number 
open 32-33,57-58,611,631 

69 rtW) 

open kernel of( see interior of) 

ATM 

proper subset 5 

sequential compactness of 36 
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307 


.subset 5 

m 

union of 5 

*r»£:8s^ 

Set of admissable controls 453 

Seven kinds of concavity (global concepts ) 
605-611 

Shadow pricefwe Opportunity cost) 

Shadow demand price of capital 518 
Shephard ( - Mckenzie) f j IM (jiL Shephard ^ 1 IS) 
Shephard 

Shephard duality 138,153 
Shephard @ 

Shephard duality theorem 138-139 
Shephard 'JlJffi 

Shephard s lemma 135-136,137,148,153 T 
155,156, 174, 177, 180, 188, 192, 193, 194, 
195,196,627 

Shephard-Samuefeon It'S 

Shephard-Satnuelson theorem 143,160,174 

Short-run price elasticity of variable input 
demands 1 67 

MMm 

Short-run supply elasticity 167 

Short-run total costs 165 
Sidrauski 

Sidrauski s theorem 433 

fi# 

Signals 306-307 
endogenously supplied 
exogenously supplied 
job market signaling 


signaling costs 

signaling equilibrium 307 

Simple lottery 260 

Simplex method 83 
Slater sfe'ft- 

Slater’s condition 92-94,97,102,105 

Slater JS.M 

Slater’s counterexample 91-92 
Sluggish adj ustment 43 2 

mnmm 

Sluggish expectations 433,437 
Slutsky Hicks-Slutsky 

Slutsky equation( see Hicks-Slutsky equation) 
Slutsky 

Slutsky matrix ( see Substitution matrix in 
consumption) 

Slutsky 

Slutsky symmetry condition 632 

Social discount rate 223 

Social optimum/ see Pareto optimum) 

Social welfare 197,230,562,567 
Solow-Swan 

Solow-Swan condition 357,444 

Solow-Swan growth model ( see Neoclassical 
growth model) 

Solow-Swan 

Solow-Swan path 357 
Solow-Swan 

Solow- Swan theorem 357 

mmsLfkmy 

Solution pairfsec Optimal pair) 


306 

306 

306 
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States( see Slates of nature) 


Source of instability 
Source of stability 
Spaceless monopoly 


434-436 


444-445 



559*563,567 


Spatial monopoly 559,561,562 

Spatial pricing problem generally 557-568 

spatial pricing problem and nonlinear 
programming 564-568 

spatial pricing problem and optimal control 
theoiy 557-564 


Spiral point 383,400,422 

Srinivasan ^3 


Srinivasan theorem 


485 




Stable branch (of saddle like paths) 397, 

407,432,437,484,485,487,488 

Stability of competitive equilibrium 
general formulation of 345-350 

three-commodity case 370-376 

Stability of macroeconomic equilibrium 

dynamic behavior of trajectories 419-423 


4j 



Keynesian system 350-351 
neoclassical system 351-355 
State variable 453,454,459,461,548 


States of nature 257 

States of the world( see States of nature) 

Static demand theory 514 


Static Macroequilibrium 419-423 

Steady state 356 , 427-433,437,441,442, 
443,444,482,485,502,503 

asymptotically global stability 444 


unique 


444 



YA 


Stellar node( see Proper node) 

Stocks and flows 352 
Stoke Greert^iffi) 

Stokes theorem (see Green’s theorem) 

Subjective rate of discount 550 

Substiutes 




UP 

of goods 146 

of inputs 142,151,157 



Substitution effect in production 189-190, 
192 

Substitution matrix in consumption 131, 
138,146,164,175,209,601,626,627,632 

negative semidefiniteness of 146, 175, 
209,627,632 
# 1 ^ 
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singularity 601 

symmetry of 146,601,627,632 


Substitution matrix in production 140- 
141 

negative semidefiniteness of 141 
symmetry of 140-141 
Successive principle minors 39,116,603 
Sufficient condition in nonlinear 

programming 95,116,224 

Sufficient condition for optimal control 468, 

470,479,508,516,528,545,548 

Superior input 195-196 

Supply price of capital asset 521,530,533, 

535 

Supremum 13 

ilM 

Supremum principle 13 

System of simultaneous equations 578,580, 

593 



Tatonnement 

HamM 

simultaneous 


T 

347,349 
347 



Walrasian 349 

M7F 


Taylor’s expansion 338,628 

Taylor’s expansion formula 50 

Theory of exchange 366 

Theory of production 366 

Theory of the firm under risk 286-290 

Three-asset economy 436,438 
Tobin q 

Tobin’s q 525-535 

Wq 

average q 525,530-531,534 

iff&F q 

marginal q 525-526,529-531,534 
Topological space 33 

ifith# 

Topology 33-34 

S58f[»fh# 

discrete 34 

indiscrete 34 

Total cost 221-222 

Total profit 232-233 

Total revenue 198,221-222 
Total revenue function 197 
Total social benefit 223 

Si:&# 

Trace condition 341 

Trade-off between price stability and a low 
employment 358 



Trajectory 395, 396, 397, 399, 400, 402, 
403,404, 405, 406, 408, 420, 421, 431,432, 
433,435,451,456,474,481,543 

mam 

optimal 451,456,474,543 

•w 

Transcendental logarithmic function ( see 

\ 

Translog function) 

Transfomiat bn 8 ( see. also Function) 




composite 

589 



monotonic 

266 

lE3t» 


orthogonal 

601 


Transitory consumption 
Translog cost function 


505 


153-154,178 



Translog reciprocal utility function 173 





Transversality condition 455, 460, 467, 
479,481,484,485,494,496,498, 524, 544, 
546,555,559 

Trigonometric function 55,389 
Turnpike theory 477 



Twoasset economy 436,437 


u 


Unbounded 

Uncertainty 


13 


Upper bound 13 

Upper contour set( see Upper level set) 

Upper level set 56,612 

User cost of capital 519-521 




Utility function 63,98-99, 126, 144, 637, 
638 

m 

homothetic 637 
Utility maximization 126-131,144 
consumer's choice in 126 
first-order condition in 127,130,133 
Lagrangian in 127,130,133 
I^agrangian multiplier in 133 


v 




258,364 


Value of the firm 525,529,533,535 

Pontragin U 

Various cases of Pontragin’s maximum 

principle 461 -463 

final time open with fixed end-points 
(autonomous system) 466-467 

final lime open with fixed end-points ( non- 
autonotnous system) 464-465 

fixed time with fixed end-points 463-464 

fixed time with variahlc right-hand end- 
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points 467-468 

time optimal problem 461,465-466 

fait 

Vectors 13-24,44,577 

MK- 

addition of 14 
angle between 22 

3*1 M 

column 577,578,593,600,602 

difference of 14 

dimension of 14 

gradient 44,132,545,611,616 
linear combination of 16 , 582,586 
linear dependence of 16,581 

linear independence of 

i 1 ^# 

i yU coordinate of 14 

orthogonality of 23 

fr(S]M 

row 577,578 

scalar multiplication of 

zero 15,595 

IS] 

Vector inequalities 85 

Vector space( see Linear space) 

IW^K 

Vertical Engel curve 634,638*640,643 

Ville^S 

Ville’s axiom 632 


16,581,583 


14 



vNM ftjflpfift ( 5L NM Sfcffl fift) 

vNM utility funclion( see NM utility function) 

von Neumann-Morgen Stem ^3 

von Neumann- Morgenstcrn axioms 364 

von Neumann-Morgenstern ^3 

von Neumarm-Morgenstem theorem 262- 

264 

von Neumann-Morgenstem fB iS $St ( JSL NM 

ftfflfitt) 

von Neumann-Morgenstem utility function ( see 
NM utility function) 


w 

Walras’s law 346,371 
Tobin 

Walras-Keynes-Phillips model aa la Tobin 

365-370,367 

Efctmm 

Walrasian adjustment 366 

Kfc&mmzfk 

Walrasian stability 345,366 

Walrasian stability problem 346-347 
Weierstrass 

Weierstrass theorem 36,76,83 

mmttikftn 

W elf are maximizing firm 563,564,567,568 

mmsLktkmm# 

Welfare maximizing monopoly 567 

Wicksell JS 

Wicksell effect 436,445 
Wicksell 

Wieksellian cumulative process 436 

WKF^M{5L Walras*Keynes^Phillips 
WKP model( see Walras-Keynes-Phillips model) 
Wronski 

Wronskian 385 
Young £3 

Young’s theorem 52 


* 
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